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Federal Facility Name: 

Aliases: 

EPA ID: 

Address: 

City: 

County: 

State: 

FEDERAL FACILITY SITE SI REVIEW FORM 

EPA REGION II 

Middlesex Sampling Plant (MSP) 

NJ0890090012 

239 Mountain Avenue 

Middlesex 

Middlesex 

New Jersey 

3. 

4. 

Provide the name of document(s) reviewed and organization responsible for its preparation. 

Prepared for the United States Department of Energy (DOE) by Bechtel National, Inc. for the United 
States Environmental Protection Agency (EPA), Preliminary Assessment Scoresheets and Site Inspection 
Report, March 1992. 

HRS Score or Priority given by the federal facility: Further Action Needed 

Check one X Agree (Go to line 7) 

Disagree (Go to line 3) 

No priority given (Go to line 4) 

If disagree, why? 

Is information adequate to provide a recommendation? 

X Yes (Go to line 6) No (Go to line 5) 

If information is not adequate, check the type 
go to line 7. 

Waste source type(s) 

Containment 

Physical state of waste 

Hazardous constituents 

Aquifer description 

Site geology 

Groundwater uses 

Groundwater populations 

Water supply well locations 

Surface water intakes 

Private well locations 

Onslte workers 

Site sampling 

of information needed to complete the PA/SI review, then 

Site Slope 

Topography 

Surface water uses 

Location eof sensitive environments 

V* - mile radius population 
1/£ - mile radius population 

1 - mile radius population 

2 - mile radius population 

3 - mile radius population 

4 - mile radius population 

Wellhead protection area 

; Surface water population 

Schools, day care centers 



Note that the information aforementioned is, but not limited to, the type of data required to complete 
an evaluation of the site. 

6. Is there sufficient environmental sampling data to support the migration assessment and to evaluate any 
potential imminent health threats? 

X Yes 

No 

7. Recommendation: Higher Priority for Further Action 

8. Comments (if any): provide the rationale for the recommendation. 

The groundwater migration and soil exposure pathways are of primary concern at the MSP site. 
Groundwater samples collected during the environmental monitoring program indicate the presence of 
radiological constituents including uranium, as total uranium, (230.2 pCi/L), radium - 226 (1.7 pCi/L). 
The total population served by groundwater within a four mile vicinity of the site is 11,039 (0-0.25 mi, 
0; 0.25-0.5 mi, 0; 0.5-1 mi, 0; 1-2 mi, 1,162; 2-3 mi, 6,972; 3-4 mi, 2,905). Waste Unit No. 2 exceeds the 
regulatory limit for Toxicity Characteristic Leaching Procedure (TCLP) for lead. However, a lack of any 
background samples prevents the characterization of the pile in terms of non-radiological constituents. 

Access to the MSP site is limited by a fence along the site's property and nine private residences are 
located on or within two hundred feet of observed contamination associated with the MSP site. In 
addition, external gamma radiation measurements indicate higher than background conditions for the 
soil exposure pathway at a level of 157 mR/yr. The Vicinity Property Pile (Waste Unit No. 1) consists 
of the contaminated soil which was excavated and placed into a pile on the MSP site as a result of a 
two phased remedial action on the properties in the MSP site vicinity. The contamination of these 
vicinity properties was due to MSP's operations. The Phase I and II Remedial Actions do not constitute 
qualified removal actions, as defined by the 'Revised Hazard Ranking System: Evaluating Site's After 
Waste Removals', October 1991, since the MSP Site is not a Nuclear Regulatory Commission (NRC)-
permitted disposal facility. As a result, the abovementioned removal actions were classified as 
unqualified causing several of the vicinity properties to the site to be identified as waste sources (Waste 
Unit Nos. 3-8). The presence of the radiological waste (contaminated soil) on these vicinity occupied 
residential properties, leads to Level I and Level II populations for the Residential Population Threat of 
the Soil Exposure Pathway. 
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SITE SUMMARY 

The Middlesex Sampling Plant (MSP) is situated on approximately 9.6 acres in Middlesex, Middlesex County, 

New Jersey. The MSP property includes four buildings and two storage piles that are comprised of 66,372 

cubic yards (yd3) of radioactive waste and are currently being used for interim storage of contaminated soil. 

The site is entirely fenced and public access is restricted. MSP Is part of the Formerly Utilized Sites 

Remedial Action Program (FUSRAP), a DOE program to decontaminate or otherwise control sites where 

residual radioactive materials remain from the early years of the nation's atomic energy program or from 

commercial operations causing conditions that Congress has authorized the DOE to remedy. 

The MSP facility was established in 1943 by the Manhattan Engineer District (MED) to sample, store, and/or 

ship uranium, thorium, and beryllium ores. In 1955, the Atomic Energy Commission (AEC), successor to 

MED, terminated the operation and later used the site for storage and limited sampling of thorium residues. 

In 1967, AEC activities ceased, on-site structures were decontaminated, and the site was certified for 

unrestricted use under applicable criteria current at that time. 

Between 1968 and 1980, the site ownership changed, first to the General Services Administration, and then 

to the Department of the Navy for use as a U.S. Marine Corps reserve training center. In 1980, custody of 

MSP was returned to the Department of Energy (DOE). From 1976 to 1980, many radiological surveys were 

conducted in the Middlesex area to determine the extent of radiological contamination which may have 

occurred as a result of MSP activities. Additionally, these radiological surveys identified areas of 

contamination which resulted in a Middlesex Remedial Action Program (MRAP) being developed. This 

program was designed to consist of three phases of remediation. Phase I was to provide for the 

construction of storage pads and a drainage system at the MSP site, followed by the decontamination of 

five nearby offsite properties. Phase II Remedial Action consists of the decontamination of the remaining 

properties adjoining the MSP site. Phase ill Remedial Action comprises the decontamination and 

decommissioning of the MSP site. Presently the first two phases of the MRAP have been completed. 

However, the Phase I and II Remedial Actions do not constitute qualified removal actions, as defined by the 
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'Revised Hazard Ranking System: Evaluating Site's After Waste Removals', October 1991, since the MSP 

Site is not a Nuclear Regulatory Commission (NRC)-permitted disposal facility. As a result, the 

abovementioned removal actions were classified as unqualified causing several of the vicinity properties to 

the site to be identified as waste sources (Waste Unit Nos. 3-8). 

The Middlesex Municipal Landfill (MML), a vicinity property to the MSP site, was established in the mid-

1940's and subsequently began to receive soil contaminated with pitchblende (high-grade uranium ore) in 

1948, which resulted in contaminated soil being placed over existing fill at MML By 1974, solid waste 

disposal ceased at MML Early radiological surveys indicated that 0.5 acre of MML required remediation; 

in 1984, approximately 16,000 yd 3 of contaminated soil was returned to MSP for interim storage. Later 

investigations showed the contaminated area to be 3.0 acres. By 1986, remediation at MML was considered 

complete with an additional 31,200 yd 3 of contaminated soil returned to MSP for interim storage. In 1987, 

MML was turned over to the Borough of Middlesex. 

An annual environmental monitoring program was established at MSP in 1980 by the DOE under the 

FUSRAP program. This monitoring program functions to characterize the effects of site operations on 

human health and the environment, confirm adherence to DOE environmental protection policies; and to 

ensure compliance with legal and regulatory requirements imposed by federal, state, and local agencies. 

During this monitoring program, both radiological and non-radiological samples were collected from the MSP 

site's groundwater and surface water/sediments. Radiological samples were also collected from the air (as 

radon) and soil (as external gamma) on-site. 

The residential population within four miles of the site relies on surface water and groundwater sources for 

potable water. The Elizabethtown Water Company supplies residents with potable water from an intake that 

is not located along the surface water pathway. There are nineteen municipal drinking water wells located 

within four miles of MSP, with the closest active well located approximately two miles west of the site. 

Surface water runoff from MSP flows generally in a southerly direction and is drained through an engineered 



Report No.: 8003-093 
Rev. No.: 2 

system to a drainage ditch south of the site. This drainage ditch discharges to a creek named Main Stream 

before emptying into Ambrose Brook. The Ambrose Brook joins with the Green Brook, which then flows into 

the Raritan River. 

The groundwater migration and soil exposure pathways are of primary concern at the Middlesex Sampling 

Plant site. Groundwater samples collected during the environmental monitoring program indicate the 

presence of radiological constituents including uranium, as total uranium (230.2 pCi/L), radium - 226 (1.7 

pCi/L). However, the majority of the drinking water supply in the site's four mile vicinity is obtained from 

a surface water intake which is not located along the site's surface water pathway. Radiological constituents 

including uranium, as total uranium, (5.4 pCi/g), radium-226 (3 pCi/g), and thorium-232 (3 pCi/g) were 

detected in the surface waters/sediments after analysis of both surface water and sediment samples along 

the surface water pathway. Although a release to the surface water pathway is indicated, there is no 

information available to substantiate actual contamination of a fishery or intake. In addition, external gamma 

radiation measurements indicate higher than ambient conditions for the soil exposure pathway at a level of 

157 mR/yr. Access to the MSP site is limited by a fence along the site's property and there are private 

residences located within two hundred feet of the MSP site. However, affected vicinity residential properties 

were decontaminated in accordance with Department of Energy guidelines. Analytical results of the radon 

measurements for the air pathway did not indicate the presence of radon at levels above background 

conditions. 
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SITE ASSESSMENT REPORT: SITE INSPECTION 

PARTI: SITE INFORMATION 

1. Site Name/Alias Middlesex Sampling Plant 

Street 239 Mountain Avenue 

City Middlesex State NJ Zip 08846 

2. County Middlesex County Code 023 Cong.Dist._7_ 

3. CERCUS ID NO. NJ0890090012 

4. Block No. Lot No. 

5. Latitude 40°33'43"N Longitude 74°29'32"W 

USGS Quad. Plalnfield. New Jersey Quadrangle 

6. Approximate size of site 9.6 acres 

7. Owner Dept. of Energy. OR operations Telephone No. 615-576-0948 

Street P. O. Box 2001 

City Oak Ridge State TN Zip 37831 

8. Operator DOE 

Street 

City 

Telephone No. 609-538-6677 

9. Type of Ownership 

Private _X_ Federal 

County Municipal 

10. Owner/Operator Notification on File 

_ RCRA 3001 Date 

X None Unknown 

11. Permit Information 

Permit Permit No. Date Issued 

Unknown 

State Zip 

State 

Unknown Other 

CERCLA 103c Date 

Expiration Date Comments 
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12. Site Status 

— Active _X_ Inactive _ Unknown 

13. Years of Operation: 1943 to 1967 

14. Identify the types of waste sources (e.g., landfill, surface impoundment, piles, stained soil, above- or 
below-ground tanks or containers, land treatment, etc.) on site. Initiate as many waste unit numbers 
as needed to identify all waste sources on site. 

(a) Waste Sources 

Waste Unit No. Waste Source Type Facility Name for Unit 

1 Contaminated Soil Pile Vicinity Property Pile 
2 Contaminated Soil Pile Middlesex Municipal Landfill (MMU PHR 
3 Contaminated Soil 432 Williams Street 
4 Contaminated Soil 312 Mountain Ave. 
5 Contaminated Soil 650 Harris Ave. 
6 Contaminated Soil 233 Mountain Ave 
7 Contaminated Soil 223 Mountain Ave. 
8 Contaminated Soil 217 Mountain Ave. 

(b) Other Areas of Concern 

Identify any miscellaneous spills, dumping, etc. on site; describe the materials and identify their 
locations on site. 

Elevated levels of inorganic constituents were reported in waste unit nos. 1 and 2. However, the lack 
of a background sample prevents them from being characterized. 

Ref. No. 18, p. 27 

15. Information available from 

C o n t a c t Joseph Hudek Agency U.S. EPA telephone No.: (908) 321-6713 
Preparer David Kahlenbem Agency MALCOLM PIRNIE. INC. Date: September 30. 1992 
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PART II: WASTE SOURCE INFORMATION 

For each of the waste units identified in Part I, complete the following items. 

Waste Unit ___ - Vicinity Property Pile 

Source Type 

Landfill 

Surface impoundment 

Drums 

Tanks/Containers 

Contaminated Soil 

Pile 

Land Treatment 

Other (leaking pipelines) 

Description: 

In 1980, DOE initiated remedial action to clean up properties in the vicinity of MSP, with the cleanup 
continuing in 1981. Contaminated soil from this remedial action was transported to MSP where an asphalt 
pad was constructed as a base for an interim storage pile. The pile is enclosed with concrete curbing to 
prevent migration of the stored materials. Synthetic geomembrane fabric is attached to the curbing to cover 
the stored materials. 

Hazardous Waste Quantity 

Approximately 25,793 yd 3 of rhaterial was placed into the pile, which is approximately 93,969 ft 2 in size, is 
the result of the Phase I and II Remedial Actions. It should be noted that the previously cited volume 
represents the volume based upon non-qualified removal actions as described in reference number 20. 

Hazardous Substances/Physical State 

The pile consists primarily of soil contaminated with uranium-238 (16.52 pCi/g), radium-226 (10.2 pCi/g), 
and thorium-232 (1.0 pCi/g). It should be noted that the abovementioned levels are concentrations minus 
background. The physical state in which these substances are deposited as is solid. 

Ref. Nos. 12, pp. 9, 13, 75-76; 18, pp. iii - iv; 20; 21 
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PART II: WASTE SOURCE INFORMATION 

For each of the waste units identified in Part I, complete the following items. 

Waste Unit _ 2 _ - Middlesex Municipal Landfill (MMU Pile 

Source Type 

Landfill Contaminated Soil 

Surface Impoundment X Pile 

Drums Land Treatment 

Tanks/Containers Other 

Description: 

MML, a vicinity property established in the 1940s, began to receive contaminated soil in 1948, which resulted 
in contaminated soil being placed over the existing fill at MML By 1974, solid waste disposal ceased at 
MML Early radiological surveys indicated MML required remediation and contaminated soil was returned 
to MSP for interim storage in 1984. Later investigations showed additional contamination and by 1986, 
remediation at MML was considered complete. The MML Pile is constructed similarly to the Vicinity Property 
Pile (Waste Unit No. 1). 

Hazardous Waste Quantity 

The MML pile contains approximately 31,200 yd3 of contaminated soil and is approximately 69,659 ft2 in size. 

Hazardous Substances/Physical State 

The pile contains primarily soil contaminated with pitchblende, a high-grade uranium ore. In addition 
uranium-238 (17.72 pCi/g), radium-226 (17.8 pCi/g), and thorium-232 (0.9 pCi/g) have been detected. It 
should be noted that the abovementioned levels are concentrations minus background. The physical state 
in which these substances are deposited as is solid. 

Ref. Nos. 12, pp. 9, 14; 18, pp. iii - iv, 7-8; 21 
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PART II: WASTE SOURCE INFORMATION 

For each of the waste units identified in Part I, complete the following items. 

Waste Unit 3 - 432 Williams Street 

Source Type 

Landfill X Contaminated Soil 

Surface Impoundment ; Pile 

_ _ Drums Land Treatment 

Tanks/Containers Other 

Description: 

A radiological survey of the vicinity properties to the MSP site identified elevated levels of radiological 
constituents at this property. The origins of these constituents on the residential property arose when a 
previous owner of the property used soil from the MSP site as fill dirt in the yard at this residence. As part 
of the MSP Phase I Remedial Action, contaminated soil was excavated from this property and placed into 
the MSP Vicinity Property Pile (Waste Unit No. 1). 

Hazardous Waste Quantity 

Approximately 1,780 yd 3 of contaminated soil was excavated from this property during the Phase I remedial 
action. Radiological concentrations detected during a 1981 survey of this property indicated radium-226 and 
uranium-238 levels of 4,498.1 pCi/g and 5,798.22 pCi/g, respectively. The average radium-226 
concentration of contaminated soil detected at the property during the Phase I Remedial Action was 54.25 
pCi/g and the maximum concentration detected on the property was 171.1 pCi/g. It should be noted that 
the abovementioned levels are concentrations minus background. 

Hazardous Substances/Physical State 

The contaminated soil consists primarily of radium-226 and uranium-238. The physical state in which these 
substances were deposited as is solid. 

Ref. Nos. 20; 21; 23, pp. 49-60; 24, pp. 2-6, 3-11, 4-4, 6-17, 6-36, 6-41, 6-46, A14 - A20; 25, pp. 122-137 



Report No.: 8003-093 
Rev. No.: 2 

PART II: WASTE SOURCE INFORMATION 

For each of the waste units identified in Part I, complete the following items. 

Waste Unit 4 - 312 Mountain Ave. 

Source Type 

Landfill 

Surface Impoundment 

Drums 

Tanks/Containers 

X Contaminated Soil 

Pile 

Land Treatment 

Other 

Description: 

A radiological survey of the vicinity properties to the MSP site identified elevated levels of radiological 
constituents at this property. As part of the MSP Phase I Remedial Action, contaminated soil was excavated 
from this property and placed into the MSP Vicinity Property Pile (Waste Unit No. 1). 

Hazardous Waste Quantity 

Approximately 190 yd 3 of contaminated soil was excavated from this property during the Phase I remedial 
action. The average radium-226 concentration of contaminated soil detected at the property during the 
Phase I Remedial Action was 3.36 pCi/g and the maximum concentration detected on the property was 6.1 
pCi/g. It should be noted that the abovementioned levels are concentrations minus background. 

Hazardous Substances/Physical State 

The contaminated soil consists primarily of radium-226. 
deposited is solid. 

The physical state in which these substances were 

Ref. NOS. 20; 21; 24, pp. 3-2, 3-13, 4-3, 4-4, 6-38, 6-43, 6-48, A-22 - A23 
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PART II: WASTE S O U R C E INFORMATION 

For each of the waste units identified in Part I, complete the following items. 

Waste Unit 5 - 650 Harris Ave. 

Source Type 

Landfill 

Surface Impoundment 

Drums 

Tanks/Containers 

X Contaminated Soil 

Pile 

Land Treatment 

Other 

Description: 

A radiological survey of the vicinity properties to the MSP site identified elevated levels of radiological 
constituents at this property. The origins of these constituents on this property arose when used soil from 
the MSP site was used as fill dirt in the yard at this property. As part of the MSP Phase I Remedial Action, 
contaminated soil was excavated from this property and placed into the MSP Vicinity Property Pile (Waste 
Unit No. 1). 

Hazardous Waste Quantity 

Approximately 5,943 yd 3 of contaminated soil was excavated from this property during the Phase I remedial 
action. Radiological concentrations detected during a 1981 survey of this property indicated radium-226 and 
uranium-238 levels of 868.9 pCi/g and 1,198.22 pCi/g, respectively. The average radium-226 concentration 
of contaminated soil detected at the property during the Phase I Remedial Action was 35.88 pCi/g and the 
maximum concentration detected on the property was 128.6 pCi/g. 

Hazardous Substances/Physical State 

The contaminated soil consists primarily of radium-226 and uranium-238. It should be noted that the 
abovementioned levels are concentrations minus background. The physical state in which these substances 
were deposited is solid. 

Ref. Nos. 20; 21; 23, pp. 3-38; 24, pp. 2-6, 3-10, 4-4, 6-16, 6-34 - 6-34A, 6-39, 6-45, 6-49, A-8 - A-9, A-11 -
A-13, A-19 - A-20; 25, pp. 138-152 
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PART II: WASTE SOURCE INFORMATION 

For each of the waste units identified in Part I, complete the following items. 

Waste Unit 6 - 233 Mountain Ave 

Source Type 

Landfill X Contaminated Soil 

Surface Impoundment Pile 

Drums Land Treatment 

Tanks/Containers Other 

Description: 

A radiological survey of the vicinity properties to the MSP site identified elevated levels of radiological 
constituents at this property. As part of the MSP Phase II Remedial Action, contaminated soil was excavated 
from this property and placed into the MSP Vicinity Property Pile (Waste Unit No. 1). 

Hazardous Waste Quantity 

Approximately 802 yd3 of contaminated soil was excavated from this property during the Phase II Remedial 
Action. The average radium-226 and uranium, concentration of contaminated soil detected at the property 
during a radiological survey was 12.7 pCi/g and 48.1 ppm, respectively. 

Hazardous Substances/Physical State 

The contaminated soil consists primarily of radium-226 and uranium. It should be noted that the 
abovementioned levels are concentrations minus background. The physical state in which these substances 
were deposited is solid. 

Ref. Nos. 20-21; 22, pp. 15-16, 46, 51, 62, 66, 80; 25, pp. 9 - 27; 26, pp. 39, 86; 27, pp. 12-25 
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PART II: WASTE S O U R C E INFORMATION 

For each of the waste units identified in Part I, complete the following items. 

Waste Unit 7 - 223 Mountain Ave. 

Source Type 

Landfill X Contaminated Soil 

Surface Impoundment Pile 

Drums Land Treatment 

Tanks/Containers Other 

Description: 

A radiological survey of the vicinity properties to the MSP site identified elevated levels of radiological 
constituents at this property. As part of the MSP Phase II Remedial Action, contaminated soil was excavated 
from this property and placed into the MSP Vicinity Property Pile (Waste Unit No. 1). 

Hazardous Waste Quantity 

Approximately 410 yd 3 of contaminated soil was excavated from this property during the Phase II Remedial 
Action. The average radium-226 concentration of contaminated soil detected at the property during a 
radiological survey was 11.6 pCi/g. 

Hazardous Substances/Physical State 

The contaminated soil consists primarily of radium-226. It should be noted that the abovementioned levels 
are concentrations minus background. The physical state in which these substances were deposited is 
solid. 

Ref. Nos. 20-21; 22, pp. 15-16, 46, 51, 66, 80; 25, pp. 27 - 44; 26, pp. 39, 86; 27, pp. 26 - 35 
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PART II: WASTE SOURCE INFORMATION 

For each of the waste units identified in Part I, complete the following items. 

Waste Unit 8 - 217 Mountain Ave. 

Source Type 

Landfill X Contaminated Soil 

Surface Impoundment Pile 

Drums Land Treatment 

Tanks/Containers Other 

Description: 

A radiological survey of the vicinity properties to the MSP site identified elevated levels of radiological 
constituents at this property. As part of the MSP Phase il Remedial Action, contaminated soil was excavated 
from this property and placed into the MSP Vicinity Property Waste Pile (Waste Unit No. 1). 

Hazardous Waste Quantity 

Approximately 254 yd 3 of contaminated soil was excavated from this property during the Phase il Remedial 
Action. The average radium-226, thorium-230, and uranium concentrations of contaminated soil detected 
at the property during a radiological survey were 62.4 pCi/g, 4.1 pCi/g, and 126 ppm, respectively. 

Hazardous Substances/Physical State 

The contaminated soil consists primarily radium-226, thorium-230, and uranium. It should be noted that the 
abovementioned levels are concentrations minus background. The physical state in which these substances 
were deposited is solid. 

Ref. Nos. 20-21; 22, pp. 15-16, 46, 51, 62-63, 66, 80; 25, pp. 45-64, 26, pp. 39, 86; 27, pp. 44 - 51 
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PART III. EXISTING ANALYTICAL DATA 

Bechtel National, Inc. (BNI), as part of FUSRAP, conducted a radiological survey of MSP in November 
1977. This survey included the measurement of residual alpha and beta-gamma contamination levels, 
radon and radon daughter concentrations in buildings, external gamma radiation levels both on and 
off-site, and radium concentrations in soil both on and off-site. As a result of this survey it was 
determined that elevated levels of radiological constituents existed in areas both on the MSP property 
and on nearby properties including the identification of waste unit nos. 6-8 (Ref. No. 22, pp. 1,15-16, 
21,46,51,62-63,66,80). 

In June 1978, Oak Ridge National Laboratory (ORNL) conducted a radiological survey on properties, 
previously identified to be radiologically contaminated, in the vicinity of the MSP site. The purpose ' 
of these surveys was to determine the extent of radiological contamination on the properties. The 
primary radiological measurements included external gamma radiation levels and radionuclide 
concentrations in soils. As a result of these surveys it was determined that elevated levels of 
radiological constituents existed on vicinity properties to the MSP site identifying waste unit nos. 3 
and 5 (Ref. No. 23, pp. 2-38, 49-60). 

As a result of the past radiological surveys, a Middlesex Remedial Action Program (MRAP) was 
developed. This program was designed to consist of three phases of remediation. Phase I was to 
provide for the construction of storage pads and a drainage system at the MSP site, followed by the 
decontamination of five nearby offsite properties. Phase II Remedial Action consists of the 
decontamination of the remaining properties adjoining the MSP site. Phase III comprises the 
decontamination and decommissioning of the MSP site (Ref. No. 24, p. 3-1). The remedial action 
criteria which was established for radium-226 concentration in soils, following decontamination, was 
not to exceed 5 pCi/g (Ref. No. 24, pp. 6-30 - 6-31). Confirmation that these levels were achieved 
was accomplished through soil samples/analyses which were collected in a grid system throughout 
each area of interest (Ref. No. 24, pp. 6-33a, 6-44). Presently the first two phases of the MRAP have 
been completed (Ref. Nos. 24; 26-27). The Phase I Remedial Action activities included the 
compilation of pre-remedial contaminant levels, excavated volume of contaminated soil, and post-
remedial contaminant levels. These levels were measured through radium-226 surface soil samples 
and external gamma measurements (Ref. No. 24, pp. 3-10 - 3-14, 4-4, 6-30 - 6-44). The Phase II 
Remedial Action activities included the compilation of excavated volumes of contaminated soil, and 
post-remedial contaminant levels. These levels were also measured through radium-226 surface soil 
samples and external gamma measurements (Ref. Nos. 26; 27). As a result of these surveys it was 
determined that elevated levels of radiological constituents existed on vicinity properties to the MSP 
site identifying waste unit nos. 3-8. 

Characterization of the two interim storage piles at MSP was conducted in 1990-1991, by BNI, to 
determine whether the piles contain hazardous waste as defined by the Resource Conservation and 
Recovery Act (RCRA) and to determine the average radionuclide concentrations present in the piles. 
This characterization was completed by taking both surface and subsurface soil samples from the 
piles. Analytical results of the samples collected fromthe Vicinity Property pile (VP) indicated average 
concentrations of uranium-238 (16.52 pCi/g), radium-226 (10.2 pCi/g), and thorium-232 (1.0 pCi/g). 
Samples collected from the MML pile indicated average concentrations of uranium-238 (17.72 pCi/g), 
radium-226 (17.8 pCI/g), and thorium-232 (0.9 pCi/g) have been detected. It should be noted that 
the abovementioned levels are concentrations minus background. Chemical analysis of the VP pile 
indicated that the pile does not exceed regulatory limits that define RCRA-hazardous waste. Analytical 
results of soil samples from the MML pile indicate that the pile exceeds the regulatory limit for Toxicity 
Characteristic Leaching Procedure (TCLP) lead. (Ref. Nos. 18, pp. iii-fv, 9-19; 21) 
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BNI, as part of the FUSRAP also performs annual environmental monitoring at MSP. During the 1990 
monitoring, both radiological and non-radiological samples are collected from the site's groundwater 
and surface water/sediments. Radiological samples are also collected from the air (as radon) and the 
soil (as external gamma) on site. All non-radiological samples were analyzed by a Contract 
Laboratory Program (CLP) certified laboratory in accordance with CLP protocols. All radioanalyses 
were performed by a laboratory which participates in the collaborative testing and interlaboratory 
comparison program with the US Environmental Protection Agency (EPA); the Quality Assurance (QA) 
program was in accordance with the Department of Energy (DOE) Order 5700.6B. Analytical results 
indicate the presence of uranium, as total uranium (230.2 pCi/L), radium-226 (1.7 pCi/L) based on 
the groundwater samples collected from on-site monitoring wells. Surface water and sediment 
samples collected from the Main Stream indicate the presence of uranium, as total uranium (5.4 
pCi/g, 2 pCi/l), radium-226 (3 pCi/g), and thorium-232 (3 pCi/g). In addition, external gamma 
radiation measurements indicate higher than ambient conditions for the soil exposure pathway at a 
level of 157 mR/yr. Analytical results of the radon measurements for the air pathway did not indicate 
the presence of radon at levels above background conditions. (Ref. Nos. 12, pp. 194 -195; 13, p. A-4; 
14, pp. 26 - 57. 64 - 91, 107 - 111) 
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PART IV. HAZARD ASSESSMENT 

GROUNDWATER ROUTE 

1. Describe the likelihood of a release of contaminant(s) to the groundwater as follows: observed 
release, suspected release, or none. Identify contaminants detected or suspected and provide 
a rationale for attributing them to the site. For observed release, define the supporting 
analytical evidence. 

There is an observed release to the groundwater beneath this site. Contaminants detected in 
groundwater samples collected from on-site monitoring wells include radium-226 (1.7 pCi/L), uranium, 
as total uranium (230.2 pCi/L), and thorium-232 (0.3 pCi/L). 

Ref. Nos. 12, p. 21; 14, pp. 48 - 57, 78 - 91 

2. Describe the aquifer of concern; include information such as depth, thickness, geologic 
composition, areas of karst terrain, permeability, overlying strata, confining layers, 
interconnections, discontinuities, depth to water table, groundwater flow direction. 

The soils at the MSP site represent weathered bedrock and fill material composed primarily of 
unconsolidated silty to sandy loams. The depth of this layer ranges in thickness from 1.5 to 8 feet 
and has a low to moderate permeability. Material underlying the site soils consists of Red Shale of 
the Brunswick Formation interbedded with siltstone and occasional layers of sandstone. The 
Brunswick Formation is relatively impermeable and its thickness under MSP has not been delineated, 
however regionally the unit can be greater than 5,000 feet thick. The depth of the groundwater table 
in the upper aquifer ranges from depths of 2 to 10 feet with flow to the south. The depth to the 
groundwater in the Brunswick Formation ranges from depths of 8 to 30 feet below the ground 
surface. The directional flow of the groundwater in the lower aquifer under MSP tends towards the 
south to southeast (under north end of site) and to the north to northeast (under the south end of the 
property). Regionally the Brunswick Formation is an important source of groundwater for both 
industrial and drinking water purposes. 

Ref Nos. 12, pp. 23 - 24; 14, pp. 92 - 93 

3. What is the depth from the lowest point of waste disposal/storage to the highest seasonal level 
of the saturated zone of the aquifer of concern? 

The highest recorded levels in 1990 for groundwater in the Brunswick Shale aquifer under the MSP 
piles occurred in well MSP 4A. The water level was 46.25 feet above mean sea level. This 
corresponds to an elevation that is approximately 4 feet below the lowest elevation of the ground 
surface prior to construction of the storage piles at MSP. 

Ref. Nos. 12, p. 28; 14, p. E-4 

4. What is the distance to and depth of the nearest well that is currently used for drinking 
purposes? 

The nearest active wells currently used for drinking water purposes are two wells owned by the 
Elizabethtown Water Company in Bound Brook, New Jersey; they are the Mountain Station wells 1 
and 2 which are located approximately 2 miles west of the site and have depths of 366 and 404 feet, 
respectively. 

Ref. Nos. 2; 10 
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5. If a release to groundwater is observed or suspected, determine the number of people that obtain 
drinking water from wells that are documented or suspected to be located within the contamination 
boundary of the release. 

There is an observed release to the groundwater at this site. However, the majority of the drinking water in 
the site's vicinity is obtained from surface water. The nearest active wells to MSP are two wells in Bound 
Brook, the Mountain Station wells, which are upgradient of the MSP site. Therefore, there are no people 
documented or suspected to be located within the contamination boundary of the release. 

Ref. Nos. 2; 10 

6. Identify the population served by wells located within 4 miles of the site that draw from the aquifer of 
concern. 

The total estimated population using groundwater for drinking purposes near the site are as follows: 

Distance Population 
0 - V* mi 0 
>'/4-V*mi 0 
> V* -1 mi 0 
>1 - 2 mi 1,162 
>2 - 3 mi 6,972 
>3 - 4 mi 2,905 

Ref. No. 2 

State whether groundwater is blended with surface water, groundwater, or both before distribution. 

The groundwater is blended with surface water prior to distribution. 

Ref. No. 2 

Is a designated well head protection area within 4 miles of the site? 

The proximity of the site to a wellhead protection area cannot be determined, pending promulgation by the 
New Jersey Department of Environmental Protection and Energy (NJDEPE) of protected areas. 

Ref. No. 3 

Does a waste source overlie a designated or proposed wellhead protection area? If a release to 
groundwater is observed or suspected, does a designated or proposed wellhead protection area lie 
within the contaminant boundary of the release? 

The proximity of the site to a wellhead protection area cannot be determined, pending promulgation by the 
NJDEPE of protected areas. 

Ref. No. 3 

7. Identify uses of groundwater within 4 miles of the site (i.e. private drinking source, municipal source, 
commercial, irrigation, unusable). 

The groundwater within a 4-mile radius of the MSP site is utilized for both industrial and drinking water 
purposes. 

Ref. No. 12, p. 33 
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SURFACE WATER ROUTE 

8. Describe the likelihood of a release of contaminant(s) to surface water as follows: observed 
release, suspected release, or none, identify contaminants detected or suspected and provide 
a rationale for attributing them to the site. For observed release, define the supporting 
analytical evidence. 

There is an observed release to the surface waters from MSP site based on surface water/sediment 
samples collected from the Main Stream. Contaminants which were detected include uranium, as total 
uranium (5.4 pCi/g. 2 pCi/L), radium-226 (1.7 pCi/g), and thorium-232 (3 pCi/g). 

Ref. Nos. 12, pp. 194 - 195; 14, pp. 40 - 48, 64 - 78 

9. Identify the nearest downslope surface water. If possible, include a description of possible 
surface drainage patterns from the site. 

Surface runoff from the MSP site flows generally in a southern direction and is drained through an 
engineered drainage system to a drainage ditch south of the site. This drainage ditch discharges into 
a creek named Main Stream before emptying into Ambrose Brook. The Ambrose Brook joins the 
Green Brook before flowing into the Raritan River. 

Ref. Nos. 5; 10; 12, p. 39 

10. What is the distance in feet to the nearest downslope surface water? Measure the distance 
along a course that runoff can be expected to follow. 

Surface runoff from the the site flows through a drainage ditch south of the site which approximately 
600 feet south empties into the Main Stream. The Main Stream (<6.1 cubic feet per second (cfs)) 
joins Ambrose Brook (6.1 cfs) approximately 2,800 feet from the site, which flows into Green Brook 
(690 cfs) approximately 2.04 miles downstream. The Green Brook, approximately 2.24 miles 
downstream, then flows into the Raritan River (1,292 cfs). Neither Main Stream nor Ambrose Brook 
are used for water supplies. 

Ref. Nos. 4; 5; 10; 12, p. 39; 15, p. 2-1 

11. Determine the type of floodplain that the site is located within. 

The site is in an area of minimal flood frequency. 

Ref. No. 12, pp. 41 - 42, 198 

12. Identify drinking water intakes in surface waters within 15 miles downstream of the point of 
surface water entry. For each intake identify: the name of the surface water body in which the 
intake is located, the distance in miles from the point of surface water entry, population served, 
and stream flow at the intake location. 

There are no drinking water intakes from surface waters within 15 miles downstream of the point of 
surface water entry. 

Ref. Nos. 2; 11 
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13. Identify fisheries that exist within 15 miles downstream of the point of surface water entry. For 
each fishery specify the following information: 

Fishery Name Water Body Type 

Ambrose Brook small to moderate 
stream 

Green Brook 

Raritan River 

Ref. Nos. 4; 6 

moderate to large 
stream 

Flow (cfs) 

6.1 

690 

large stream to river 1,292 

Saline/Fresh/Brackish 

fresh 

fresh 

fresh 

14. Identify surface water sensitive environments that exist within 15 miles of the point of surface 
water entry. 

Environment 

Wetlands 

State designated 
area for the protection 
of aquatic life and is a 
source of drinking water 
under the Clean Water Act 

Water Body Type 

River 

Stream/River 

Flow (cfs) 

1242 

<6.1 

Wetland Frontage 

7.8 miles 

N/A 

Ref. Nos. 4, 11 

15. If a release to surface water is observed or suspected, identify any intakes, fisheries, and 
sensitive environments from question Nos. 12-14 that are or may be located within the 
contamination boundary of the release. 

Intake: None 

Fishery: None 

Sensitive Environment: State designated area for the protection of aquatic life and is a source 
of drinking water under the Clean Water Act. 

Ref. Nos. 2; 4; 6; 11 

SOIL EXPOSURE PATHWAY 

16. Determine the number of people that occupy residences or attend school or day care on or 
within 200 feet of the site property. 

There are approximately 23 people that occupy residences on or within 200 feet of observed 
contamination. There are no schools or daycare centers identified on or within 200 feet of observed 
contamination. 

Ref. Nos. 9,10 
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17. Determine the number of people that regularly work on or within 200 feet of the site property. 

An estimated 20 people work on or within 200 feet of the MSP site property. 

Ref. No. 12, p. 38 

18. Identify terrestrial sensitive environments on or within 200 feet of the site property. 

There are no known terrestrial sensitive environments on or within 200 feet of the MSP site. 

Ref. No. 7 

AIR ROUTE 

19. Describe the likelihood of release of contaminants to air as follows: observed release, 
suspected release, or none. Identify contaminants detected or suspected and provide a 
rationale for attributing them to the site. For observed release define the supporting analytical 
evidence. 

A release of contaminants is neither observed nor suspected. 

Ref. No. 12, p. 209 

20. Determine populations that reside within 4 miles of the site. 

Distance Population 
0 - V* mi 358 
>V4-V4mi 694 
>V4 - 1 mi 6,259 
>1-2mi 22,286 
> 2 - 3 m i 41,381 
>3-4mi 35,293 

Ref. No. 8 

21. Identify sensitive environments, including wetlands and associated wetlands acreage, within Vi 
mile of site. 

Distance Wetlands Acreage 
0 -1/4 mi 14 
>V4-V4mi 50 
>ft -1 mi 86 
> 1 - 2 m i 113 
>2-3mi 153 
>3-4mi 172 

State designated area for the protection of aquatic life and is a source of drinking water under the 
Clean Water Act. 

Ref. Nos. 7; 10; 11 
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22. If a release to air is observed or suspected, determine the number of people that reside or are 
suspected to reside within the area of air contamination from the release. 

A release to the air is neither observed nor suspected. 

Ref. No. 12, p. 209 

23. if a release to air is observed or suspected, identify any sensitive environments, listed in 
question No. 21, that are or may be located within the area of air contamination from the 
release. 

A release to the air is neither observed nor suspected. 

Ref. No. 12, p. 209 
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V\ Outgoing Call To: V\r. A . o l w c i ^ i 0 % - o ^ v 

Affiliation: t=i ^be lLl -au^ 
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Summary of Conversation [ ] Agreement: 
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ELIZABEIHIOWN WATER CuMI AHV 
UtU. I1SI 

Town County fac i I i ty Name well Depth Well Permit 
Number 

Effective 
Date 

format Iun Pump Cap. 
(GPM) 

Motor 
HP 

Type 

| Bound Brook 
UBound Brook 
Bridgwater 
Bridgewater 
Bridgewater 

_iliirk_ 
-Green Brook 
Green Brook 
Green Brook 
Green Brook 
Green Brook 
Green Brook 

,' Green Brook 
i Green Brook 
| Green Brook 
i Green Brook 
!_Green Brook 
KeniI worth 
KeniIworth 
Middlesex 

1 Middlesex 
Middlesex 
Middlesex 
Montgomery 

~v Montgomery 
JM Mountainside 

Mountainside 
Mountainside 
Mountainside 
N. Plainfield 
N. Plainfield 
n. Plainfield 
Piscataway 
Plainfield 

eioinfisid 
Plainf ietd 
Plainfield 
Plainf ield 
Plainfield 
Plainfield 
Plainfield 
Plainf ietd 
Plainf ield 
Plainfield 
Plainfield 
Plainfield 

^ElainiieLd 
Plainfield 
Plainfield 
Plainf idd-
Plainsboro 
plainsboro 
Princeton 

Somerset 
Somerset 
Somerset 
Somerset 
Somerset 
Union 

Mountain Sta. #1 
Mountain Sta. #2 
Papen Road 
Wells Road #1 
Wells Road 02 
Elks well 

366 
404 
225 
130 
130 
59 

r 

) 

Somerset Green' Brook 01 451 
Somerset Green Brook #2 376 
Somerset Green Brook 03 550 
Somerset Green Brook 04 400 
Somerset Green Brook 05 373 
Somerset Green Brook 06 373 
Somerset Green Brook 07 238 
Somerset Green Brook 08 445 
Somerset Green Brook 09 507 
Somerset Green Brook 011 510 
Somerset Rock Avenue 350 
Union Quint on Avenue 502 
Union Richfield Avenue 401 
Middlesex Sebrings Mill 04 300 
Middlesex Sebrings Mill 06 412 
Middlesex Sebrings H i l l 07 285 
Middlesex Sebrings Mill #8 430 
Somerset Montgomery 01 305 
Somerset Montgomery 02 335 
Union Bristol Road 315 
Union Central Avenue 300 
Union Charles Street 01 454 
Union Charles Street 02 572 
Somerset Board of Education 311 
Somerset Rockview Avenue 400 
Somerset' Rockview Terrace 400 

25-13435 
25-5803 
25- 11512 
26- 4751 

Middlesex 
Union 
Union 
Union 
Union 
Union 
Union 
Union 
Uniort 
Union 
Union 
Union 
Union 
Union 
Jin ion 

Rock Avenue 
Fifth Street 
George Street 
Netherwood ill 
Netherwood 02 
Netherwood 03 
Netherwood 04 
Netherwood 05 
Netherwood 06 
Netherwood 07 
Netherwood 08 
Netherwood 09 
Netherwood 010 
Netherwood 011 
JetherHQod t\L. 

Middlesex 
Middlesex 
Mercer 

Avenue 
Plainsboro 01 
Plainsboro 02 
Edgerstoune 

350 
89 

350 
500 
350 
400 
350 
300 
350 
304 
350 
350 
350 

.152-
Union Ci ty of P l a i n f i e l d 300 

-Union Prospect Avenue 35tL 

"4TTJ 
45-24 
45-25 
45- 26 
25-572 
25-632 
25 633 
25 2715 
25-2716 
25-2718 
25-12665 
46- 14 
46-15 
25-11582 
45-43 
25-11367 
25-13397 
28-5407 
28-5511 
25-9206 
25-9083 
25-872 
45-4 
45-22 
25-13898 
25-13106 

'mitt 
25-12961 

_45-21 
45 : 9 
45-10 
45-11 
45-12 
45-13 
45-14 
45-15 
45-16 
45-17 
45-18 
45-19 
4520 
45-27 
25-9037 

7/12/83 
7/12/83 
7/12/83 

6/7/83 
6/7/83 
6/7/83 
6/7/83 
6/7/83 
6/7/83 
6/7/83 
6/7/83 
6/7/83 
6/7/83 
7/31/83 
7/31/83 
8/17/84 
8/17/84 
8/17/84 
8/17/84 
6/7/83 
6/7/83 
6/7/83 
6/7/83 
6/7/83 
6/7/83 
6/7/83 
6/7/B3 
6/7/B3 

6/7/6? 
6/7/83 

MML 
6/7/83 
6/7/83 
6/7/83 
6/7/83 
6/7/83 
6/7/B3 
6/7/83 
6/7/83 
6/7/83 
6/7/83 
6/7783 

JdWL. 

120 
208 

25-6165 

6/7/83 
6/7/63 

Basalt 
Basalt 
Basalt 
Brunswick 
Brunswick 
Brunswick 
Brunswick 
Brunswick 
Brunswick 
Br unswi ck 
Brunswick 
Brunswick 
Brunswick 
Brunswick 
Brunswick 
Brunswick 
Brunswick 
Brunswick 
Brunswick 
Brunswick 
Brunswick 
Stockton 
Stockton 
Brunswick 
Brunswick 
Brunswick 
Brunswick 
Brunswick 
Brunswick 
Brunswjck 

750 
356 
220 
75 
75 

_J°JL 310 
650 
60 
350 
315 
278 
179 
495 
500 
340 
330 
185 
250 
200 
400 
300 
200 
450 
450 
330 
475 
300 
150 
400 
300 
200 

Brunswick 
Brunswick 
-BrMnswitk 

28-9278 
28 11477 
28-5000 

-6/7/B3 

Brunswick 
Brunswick 
Brunswick 
Brunswick 
Brunswick 
Brunswick 
Brunswick 
Brunswick 
Brunswick 
Brunswick 
Brunswick 

Brunswick 
.Brunswick-

150 
300 

_J25_ 
225 
225 
600 
400 
300 
325 
350 
300 
300 
300 
250 
25Q_ 

7/12/83 
7/12/8J 
7/12/83 

BrunsHicfc 

400 
_KHL 

Raritan 
Raritan 
Stockton 

-2BJL 
350 
295 
125 

60 
40 
40 
10 
10 
J1L 
25 
50 
7.5 
30 
25 
25 
15 
40 
50 
25 
40 
40 
30 
25 
40 
30 
25 

40 
60 
40 
25 
50 

_25_ 
20 
40 
-2JL 
20 
20 
25 
15 
15 
20 
25 
25 
30 
25 
20 

50 
-AO-
JO-

Turbine 
Turbine 
Turbine 
Turbine 
Turbine 
Turbine 
Turbine 
Turbine 
Submersible 
Turbine 
Turbine 
turbine 
Turbine 
turbine 
turbine 
Submersible 
Submersible 
Turbine 
turbine 
Submersible 
Submersible 
Submersible 
Submersible 
Submersible 
Submersible 
Submersible 
Submersible 
Submersible 
Submersible 
Turbine 
Submersible 

SutanersibU 
Submersible 
Submersible 
Turbine 
Turbine 
Turbine 
Submersible 
Turbine 
Submersible 
Turbine 
Submersible 
Submersible 
Submersible 
Submersible 
submersible 
Turbine . 
Turbine 
SiaSncrsihlp 
Submersible 
Turbine 
Turbine 
turbine 



lown County f a c i l i t y Name Well Ui.pih Welt Permit Effective f onn.it i mi 1'iuwp Cup. Motor ly|>e 
Number Date (GPM) HP 

Pi inceton 
Princeton 
Princeton 
Princeton 
Pr inceton 
Princeton 
Pr inceton 
Princeton 
Princeton 
Princeton 
Princeton 
Princeton 
Princeton 
Princeton 
Raritan township 
Rosel le 
Rosette 
Roselle 
Rosel I e 
Rosel le 
Rosel le 
Scotch Plains 

I Scotch Plains 
Scotch Plains 

, Scotch Plains 
Scotch Plains 
iScotch Plains 
r SoutlTpTaTnifield 
> South Plainfield 
Springfield 
Springfield 
Springfield 
Spr ing field 
Springfield 
Springfield 
Spring!ield 
Springfield 
Springfield 
Spr ingf ield 
Springfield 
Springf ield 
Springfield 
Springfield 
Springf ield 
Springfield 
Springfield 
Springfield 
Springf ield 
Springfield 
Springfield 
Springfield 
Springf ield 
Springfield 
Springf ield 
Springf ield 
Spr ingf ield 

Mercer 
Mercer 
Mercer 
Mercer 
Mercer 
Mercer 
Mercer 
Mercer 
Mercer 
Mercer 
Hercer 
Mercer 
Mercer 
Hercer 
Hunterdon 
Union 
Union 
Union 
Union 
Union 
Union 
UlllSQ i 
Union 
Union 
Union 
Union 
Union 

Grover Avenue 
Harrison Street 
Harrison Street 
Harrison Street 
Harrison Street 
Harrison Street 
Harrison Street 
Harrison Street 
Stony Brook 02 
Stony Brook 
Stony Brook 
Stony Brook 
Stony Brook 
Stony Brook 
Maple Glen 
Chandler Avenue 
First Avenue 
Walburga #1 
Ualburga 02 
Ualburga #3 
Ualburga 04 
Aberdeen Road 

#1 
03 
04 
#5 
#6 
07 
08 

03 
04 
06 
07 
08 

RTddTesex 
Hiddlesex 
Union 
Union 
Union 
Union 
Union 
Un i on 
Union 
Union 
Union 
Un i on 
Un i on 
Un i on 
Union 
Union 
Union 
Union 
Union 
Union 
Union 
Union 
Union 
Union 
Union 
Union 
Union 
Union 
Union 

Glenside Avenue 
Jerusalem Road 01 
Jerusalem Road 02 
Jerusalem Road 03 

- Horse Avenue 
CTTriton Avenue 
Eighth Street 
.Springfield 01 
Springfield 01A 
Springfield 02 
Springfield 02A 
Springfield 03 
Springfield 04 
Springfield 05 
Springfield 05A 
Springfield 06 
Springfield 06A 
Springfield 07 
Springfield 07A 
Springfield 08R 
Springfield 09R 
Springfield 011 
Springfield 012R 
Springfield 017 
Springfield 021R 
Springfield 023 
Springfield 024 
Springfield 025 
Springfield 029 
Springfield 032 
Springfield 036 
Springfield 041 
Springfield 042 
Springfield 043 

439 28-2607 7/12/83 Ran tan 100 lurbine 
503 48-5 7/12/83 Stockton 100 20 Submersible 
301 28-4371 7/12/83 Stockton 100 65 Turbine 
302 48-6 7/12/83 Stockton 110 20 Turbine 
320 48 7 7/12/83 Stockton 150 20 turbine 
335 28-1886 7/12/83 Stockton 400 50 turbine 
300 28-4999 7/12/83 Stockton 200 15 Submersible 
347 28-5073 7/12/B3 Stockton 400 40 Submersible 
279 48-8 7/12/83 Stockton 300 40 Turbine 
353 48-9 7/12/83 Stockton 500 30 turbine 
382 48-10 7/12/83 Stockton 300 15 Submersible 
304 48-11 7/12/83 Stockton 450 40 Turbine 
350 48-12 7/12/83 Stockton 600 25 Submersible 
302 48-13 7/12/83 Stockton 600 40 Turbine 
355 250 15 Submersible 
350 26-2393 7/31/83 Brunsw i i k 300 30 Submersible 
509 26-1696- 7/31/B3 Brunswick 450 50 Turbine 
350 26-2302 7/31/B3 Brunswick 200 40 Submersible 
348 26-2360 7/31/83 Brunswick 200 60 Submersible 
321 26-2412 7/31/83 Brunswick 350 40 Submersible 
321 26-2463 7/31/83 Brunswick 300 50 Submersible 
350 25-126J1 6/7/83 Brunswick 25.Q 30 Submersible 
540 25-7171 7/12/83 Brunswick 150 20 Turbine 
650 25-130 7/12/83 Brunswick 275 30 Turbine 
665 25-649 7/12/83 Brunswick 350 30 turbine 
708 25-800 7/12/83 Brunswick 150 15 turbine 
400 25-9281 7/12/83 Brunswick 295 30 Submersible 
35U 25-T3T54~ 0/77B3" BrunswicE ?75 5b Submersible 
350 25-12632 6/7/83 Brunswick 450 50 Submersible 

46-39 7/12/83 Brunswick 50 3 Submersible 
46-40 7/12/83 Brunswick 100 7.5 Turbine 

150 7.5 Submersible 
46-41 7/12/83 Brunswi ik 100 7.5 Turbine 
26-4082 7/12/89 Brunswick 300 7.5 Turbine 

10 Turbine 
10 Turbine 

46-42 7/12/83 Brunswit.k 75 5 Turbine 
26-4082 7/12/83 Brunswick 160 7.5 Submersible 
46-43 7/12/83 Brunswick 300 7.5 
46-44 7/12/83 Brunwsick 100 
46-45 7/12/83 Brunswick 75 7.5 lurbine 
46-46 7/12/83 Brunswick 100 10 Submersible 
46-47 7/12/83 Brunswick 200 7.5 Turbine 
46-48 7/12/83 Brunswick 125 7.5 Submersible 

46-50 7/12/83 Brunswick ISO 5 Turbine 
50 5 Turbine 

46-51 7/12/83 Brunswick 60 3 Submersible 
100 10 Turbine 
100 5 Submersible 

46-52 7/12/83 Brunswick 125 5 Submersible 
75 7.5 Submersible 

46-53 7/12/83 Brunswick 100 5 Submersible 



T own County f a c i l i t y Name Well Depth Well Permit Effective Format inn Pump Cap. Motor Type 
Number Oate (CPH) HP 

Springfield Union Springfield 047 46-54 7/12/83 Brunswick 125 5 Submersible 
Springfield Union Springfield 048 46-55 7/12/83 Brunswick 75 5 Submersible 
Springfield Union Springfield 050 46-56 7/12/83 Brunswick 50 5 Turbine 
Springfield Union Springfield 053 46-57 7/12/83 Brunswick 175 7.5 Turbine 
Springfield Union Springfield 054 46-58 7/12/83 Brunswick 150 7.5 Turbine 
Springfield Union Springfield 055 46-59 7/12/83 Brunswick 175 7.5 Turbine 
Tewkbbury Somerset Pottersvilie 400 25-15051 6/7/83 Pre-Caitibrian 100 30 Submersible 
Union Union Hummocks 01 326 46-16 7/12/83 Brunswick 100 
Union Union Hummocks 01A 143 46-17 7/12/83 Brunswick 200 
Union Un i on Hiftnocks 02A 122 46-18 7/12/83 Brunswick 150 
Union Uni on Hummocks 03 91 46-19 7/12/83 Brunswick 200 
Union Un i on Hummocks 03A 126 46-20 7/12/83 Brunnwi ck 100 
Union Un i on Hummocks 04A* 117.5 46-21 7/12/83 Brunswick 70 5 Submersible 
Union Uni on Hinmocks 05 92 46-22 7/12/83 Brunswick 200 
Union Uni on Hummocks 05A* 128 46-23 7/12/83 Brunswi ck 100 7.5 Submersible 
Union Uni on Hummocks 06AR* 130 46-24 7/12/83 Brunswick 300 20 Turbine 
Union Uni on Hummocks 07A* 233 46-25 7/12/83 Brunswi ck 85 5 Submersible 
Un i on Union Hummocks 08A* 114 46-26 7/1/83 Brunswick 200 10 Turbine 
Union Uni on Hummocks 09A 126 46-27 7/12/83 Brunswick 150 
Union Union Hummocks 010 84 46-27 7/12/83 Brunswick 100 
Union Union Hummocks 01OA 118 46-29 7/12/83 Brunswick 150 
Union Union Hummocks 011A 125 46-30 7/12/83 Brunswick 100 
Union Union Hummocks 012A 120 46-31 7/12/83 Brunswick 200 
Union Union Hummocks 017* 99.6 46-32 7/12/83 Brunswick 250 15 Submersible 
Union Union Hummocks 019 455 46-33 7/12/83 Brunswick 100 
Union Uni on Hummocks 023 120 46-34 7/12/83 Brunswick 100 
Un i on Union Hummocks 026 46-35 7/12/83 Brunswick 100 
Union Union Hummocks 028 96 46-36 7/12/83 Brunswick 100 
Union Union Hummocks 029 92 46-37 7/12/83 Brunswick 100 
Union Union Hummocks 041 83 46-38 7/12/83 Brunswick 150 
Union Union Hummocks 0H2* 26-4830 7/12/83 Brunswick 150 Turbine 
Union Union Hummocks 0H5 26-4926 7/12/83 Brunswick 220 
Union Union Hummocks 0TB2 26-4808 7/12/83 Brunswick 200 
Union Union Hummocks 0TB2A 26-4829 7/12/83 Brunswick 400 
Uatchung Somerset Two Guys 01 325 25-8131 6/7/83 Brunswick 400 40 Submersible 
Uatchung Somerset Two Guys 02 350 25-B132 6/7/83 Brunswick 60 20 Submersible 
Westfield Union 7 Elm Street 525 25-8087 7/12/83 Brunswick 350 40 Submersible 
Westfield Union c • Prospect Street 500 25-12960 7/12/8* Brunswick T5o 20 Submersible 
West Held. Unjon ~ >-Westfie|d Office 01 523 25-871 7/12/B5 BrunswiEK "500 turbine 
Westfield Union ' "Westfield Offjce 02 502 45-5 UML&l- BcunsHick ISO 40 Turbine 
Westfield Union Wittke 01 506 25-4639 7/12/83 Brunswick 425 50 Turbine 
Westfield Union Wittke 02 511 25-5083 7/12/83 Brunswick 525 75 Turbine 
West Windsor Hercer Jefferson Park tt\ 121 28-5368 6/7/83 Raritan 600 Turbine 
West Windsor Hercer Jefferson Park 02 126 28-6455 6/7/83 Raritan 600 Turbine 
•Only wells in service with new V.O.C. f a c i l i t y 



zitzabexhiown Water 

March 9, 1992 

Mr. Todd Teryek 
Malcolm P i r n i e , Inc. 
104 Interchange Plaza 
Cranbury, NJ 08512-9543 

Dear Mr. Teryek: 

I n accordance with your request, I am retur n i n g your maps 
for the two CERCLIS s i t e s , Pack Tech Services and Standard 
Plastic Products, Inc. I've indicated the Elizabethtown wells 
that are w i t h i n a 4 mile radius of the s i t e s . Well depth and 
formation are also included. To determine the population served 
by these wells i s extremely d i f f i c u l t due to the f a c t t h a t these 
wells supplement the area; most of the water serving the area i s 
surface water supplied by our main treatment plant i n 
Bridgewater, the Raritan Millstone Plant. 

Should you have any questions or require a d d i t i o n a l 
information please f e e l free to c a l l me. 

Richard A,/Sadowski 
Superintendent 
Wells and Stations 

RAS/cll 



ELI ZABETHTOWN WATER COMPANY WELLS 
INDICATED ON FOUR MILE VICINITY MAP 

FOR 

PACK TECH SERVICES 

PISCATAWAY, NJ 

NAME 

Sebring M i l l s 
Well F i e l d 

Well # 4 
Well # 6 
Well # 7 
Well # 8 

Green Brook 
Well F i e l d 

Well # 1 
Well # 
Well # 
Well # 
Well # 
Well # 

TOWN 

Middlesex 

SCREEN DEPTH ( f t ) FORMATION 

Well # 

2 
3 
4 
5 
6 
7 

Green Brook 

Well # 8 
Well # 9 
Well # 11 

3. Rock Avenue Well 

4. C i t y of P l a i n -
f i e l d Well 

5. Board of Educa
t i o n Well 

6. Rock Avenue Well 

7. Rockview Avenue 
Well 

8. F i f t h S t r e e t Well 

9. Eighth S t r e e t Well 

10. C l i n t o n Avenue 
Well 

Green Brook 

P l a i n f i e l d 

No. P l a i n f i e l d 

Piscataway 

No. P l a i n f i e l d 

P l a i n f i e l d 

So. P l a i n f i e l d 

So. P l a i n f i e l d 

300 
412 
285 
430 

451 
376 
550 
400 
373 
373 
238 
445 
507 
510 

350 

300 

311 

350 

400 

350 

350 

350 

Brunswick 
Brunswick 
Brunswick 
Brunswick 

Brunswick 
Brunswick 
Brunswick 
Brunswick 
Brunswick 
Brunswick 
Brunswick 
Brunswick 
Brunswick 
Brunswick 

Brunswick 

Brunswick 

Brunswick 

Brunswick 

Brunswick 

Brunswick 

Brunswick 

Brunswick 



SURFACE WATER INTAKE LOCATIONS 
BUREAU OF SAFE DRINKING WATER 

Prepared by: Michael Mariano 



STATE OP m JERSEY DEPARTMENT OF ENVIRONMENTAL PROTECTION 
BUREAU OF S&FE DRINKING HATER 

MARCH 1992 

" 1 ! ' 

1! PWSIDI ! PURVEYOR NAME ', PHONE DUMBER \ 

INTAKE ! IHTAIE 
MUNICIPALITY ! LOCATION \\ 

\\ 0102001 ! 
11 i 
11 i 

ATLANTIC CITY 
VATER DEPARTMENT \ 

609-345-3315 ', ABSECOH DOUGHTY POND - South tip • ',! 
Mays Landing Rd. A Mill Rd. 1! 

0238001 : 
11 1 
I I - 1 
11 1 
11 1 
11 1 
11 I 
11 1 
11 1 
I 1 1 
I I 1 
11 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 > 
1 1 1 
1 1 1 
1 1 
1 1 
t 1 
1 1 
11 

HACIEISACI VATER ! 
DEPARTMENT ! 

201-767-9300 ', PARAMUS ! 

ORADELL ! 

NORTHVALE 1 

ORADELL 

SADDLE RIVER - South of ', 1 
intersection of Paraus Rd. J! 
1 Midland Ave. ',1 

11 

HACIENSACK RIVER - At ',! 
Martin Ave. 

11 
11 

SPARI BILL CREEK - ',', 
Northwest of intersection \\ 
of Pegasus Ave. A Hill Terr.!! 

i 1 

LONG SVAMP BROOK - At ', 1 
Martin Ave. !! 

_ i i 

;', 0305001 
1 1 
11 
11 
11 
11 
11 

BURLINGTON CITY 
VATER DEPARTMENT 

609-386-0307 , EAST BURLINGTON 

j BURLINGTON ISLAND 

DELAWARE RIVER • 1/4 tile !! 
north of Assiscunk Creek \ \ 

• < 
i i i 

! BURLINGTON ISLAND LAKE ',! 
i _ . 11 

<! 0325001 
11 
11 
11 
11 

! FORT DII 1 609-542-5040 ! RAICOCAS CREEK !! i • • 
i '< 
i 11 • • < 
i . . . 1 1 

!! 1613001 
11 
11 
11 
11 
11 
11 
11 
11 

; NJDVSC 1 201-575-0225 ! POHPTON LAIES 

J VAIAQUE 

1 RA11PO RIVER - At Poipton !! 
! Lake (pup to ianaque Res.) !! • 1 * 
i 1 1 

', ViNAQUE RESERVOIR - lingwoodi ! 
! Ave A Oricchio Ave !! 
i . . 1 ' 

i! 0717001 
11 
11 
11 
11 

! CITY OF ORANGE ! 201-762-8000 1 SOUTH ORANGE ! ORANGE RESERVOIR - On Vest !! 
! branch of Rahiay River !! 
J 40 ft upstreai froi du 

11 



STATE OF NEV JERSEY DEPARTMENT OF ENVIRONMENTAL PROTECTION / 2 d f 
BUREAU OF SAFE DRINKING VATER 

MARCH 1992 

1 1 

! PVSIDt ! 
! | INTAKE INTAKE \\ 

PURVEYOR NAME ', PHONE NUMBER MUNICIPALITY ', LOCATION \ \ 

! 0712001 1 
i i 
i • 

11 i 
11 i 
11 * 
11 * 
11 > 
11 i 
11 i 
11 i 
11 i 
11 i 
11 i 
11 t 

NJ AMERICAN 
NORTHERN DISTRICT 1 

201-376-8800 ', MILLBURN 1 

SHORT HILLS ! 

CALDWELL ', 

PASSAIC RIVER - At Kennedy ', \ 
Parkway " ! \ 

1 1 
1 1 

CANOE BROOK - North of 1! 
Route 24 ',! 

11 

POMPTON RIVER - At 
Bridges Rd. 1! 

!', 0714001 ! NEWARK VATER DEPT ! 201-256-4965 ', PEQUANHOCK VATER SHED !! 
I 1 

0906001 \ 
i i 
! 1 
t I 
1 I 
1 1 
1 1 
1 1 
1 1 
t 1 
1 1 
1 1 
1 1 

JERSEY CITY 1 
VATER DEPARTMENT ! 

201-547-4390 ', BOONTON 1 

ROCKAVAY 

BOONTON RESERVOIR - 200 yds 11 
northwest of Washington St !! 
Bridge 

1 1 
t 1 

SPLIT ROCK RESERVOIR - ! 1 
Eipties into Boonton Res. !', 
via Rockavay River !1 

11 

!! 1017001 ' 
11 • i 
11 
11 
11 
11 
11 
11 
11 
. 11 

', LAMBERTVILLE 
VATER DEPARTMENT 

609-397-0526 , LAMBERTVILLE 

LAMBERTVILLE 

! LAMBERTVILLE 

, SVAI CREEK RESERVOIR EAST 1', 
i < * i • • 
! SWAM CREEK RESERVOIR VEST !\ 
i < 1 

i < • 
1 DELAVARE-RARITAN CANAL • \\ 
\ At Swan St. (Eiergency) !! 
i . . . . 1 1 

il lmooi 
11 
11 

I CITY OF TRENTON ! 609-989-3208 TRENTON ; DELAWARE RIVER - At Rt 29 !', 
1 north of Calhoun St. Bridge !', 
i 1 1 

I! 1216001 
11 
11 

I PBRTH AMBOY 1 908-826-0290 OLD BRIDGE 1 TENNE1TS POND - At !! 
i Vatervorks Rd. !'. 

1225001 
11 
11 
11 
11 

1 MIDDLESEX VATER CO ! 908-634-1500 1 ̂  EDISON 
• 

! DELAVARE-RARITAN CANAL 1 1! 
! MILLSTONE RIVER - At Rt 18 
i 1 < i 11 

11 



STATB OF NEY JERSBT DEPARTMENT OF ENVIRONMENTAL PROTECTION 
BUREAU OF SAFE DRINKING VATER 

MARCH 1992 

1 1 

J PVSIDI ', 
! INTAKE : 

PURVEYOR NAME PHONE NUMBER ', MUNICIPALITY ', 
INTAKE 
LOCATION |! 

1! 1214001 ! 
• i i 
11 > 
11 i 
11 * 
11 i 
11 i 
11 i 
11 i 

NEV BRUNSVICK , 
VATER DEPARTMENT ', 

908-745-5060 ', NEV BRUNSVICK ! 

NEV BRUNSVICK \ 

LAVRENCE BROOK - At Burnet Si! 
st. • :: 

1 1 

DELAVARE-RARITAN CANAL • \ \ 
At George St I College Ave 

. - .....1 • 

!', 1214001 : 
11 i 
11 i 

NORTH BRUNSVICK ', 908-247-0922 ! FRANKLIN TV? \ DELAVARE-RARITAN CANAL -
At Suydan Ave. || 

. . j ; . . . . . . . . . . . . . ' ' 

',! 1219001 ! 
1 I l 
i I i 

SAYERVILLE 908-390-7000 ! OLD BRIDGE ' SOUTH RIVER - At Main St ', 
North of Rt 18 

! 1352005 
i 1 
l i 
1 ( 
1 t 
1 I 
1 t 

NEV JERSEY ! 
VATER SUPPLY. AUTH. 

WALL TVP MANASQUAN RIVER - Hospital ',', 
Rd. North of Garden State ', \ 
Parkway (Puip to Manasquan \\ 
Resevior) ',! 

. - ....11 

!! 1345001 
11 
11 
11 
11 
11 
11 
11 
11 
11 • i 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 

NJ AMERICAN -
1 MONMOUTH 

VALL TVP 

1 NEPTUNE TVP 

J NEPTUNE TVP 

1 LINCROFT 

MANASQUAN RIVER - Hospital 1', 
, Rd. North of GSP (Puip to \\ 
\ Glendola Reservoir) !! • • • 
! SHARK RIVER - Off Corlies ',', 
! Ave. 2000* North of GSP \\ 
i * i 
i < * 

1 JUMPING BROOK - At ',', 
! Greenagrove A Corlies Aves \ \ 
i > • 
i < < 

; SVIMHING RIVER RESERVOIR - \ \ 
\ 1000' Vest of Swiuing Riv. 1! 
i . . . . . . • 1 

',! 1326004 
11 
11 

I MATCHAPONII ; MANALAPAN 1 MATCHAPONII BROOK -
i At Vilson Ave. !! 
i 1' 

1401001 
i * 
11 

J TOW OF BOONTON ! 201-299-7740 ! MONTVILLE ! TAYLORTOVN RESERVOIR • ',', 
! At Taylortown Rd. !! 



STATE OF NEV JERSEY DEPARTMENT OF ENVIRONMENTAL PROTECTION ' 
BUREAU OF SAFE DRINKING VATER 

MARCH 1992 

1 ( 

! PVSIDJ ! PURVEYOR NAME 
INTAKE ! INTAKE ',! 

PHONE NUMBER ', MUNICIPALITY \ LOCATION 

! 1403001 ! BUTLER VATER DEPT ! 201-838-7200 ', BUTLER KIKEOUT RESERVOIR - At - ', J 
Resevior Rd. ' 

!! 1424001 : 
11 i 
11 i 

SOUTH EAST ', 
MORRIS COUNTY ! 

201-538-5600 1 MBNDHAM ! CLYDE POTTS RESERVOIR - !', 
Cold Hill Rd I Voodland Rd ',! 

1! 1506001 ! 
11 1 
11 1 

BRICK TVP ! 908-458-7000 ', METEDECONK RIVER ', | 
11 
11 

- 11 

1603001 ; 
1 1 1 
1 1 1 
1 ( 1 
1 1 1 

HALEDON VATER DEPT ', HALEDON ! HALEDON RESERVOIR - Lover !', 
Basin puip station at \\ 
Beliont Ave. ',! 

1605002 
1 1 
1 t 
1 1 
1 1 
11 
11 
11 
1 1 
11 
11 

PASSAIC VALLEY 
VATER COMMISSION 

201-256-1566 ', WAYNE ! 

TOTOVA 

POMPTON RIVER - At 11 
Confluence of Raiapo A ',! 
Pequannock Rivers ', I 

11 
11 

PASSAIC RIVER - At Union ', ! 
Blvd. :: 

.........1 ' 

',! 1708300 
11 
11 

! E.I. DUPOHT 
PBMNSYILLE 

! 609-299-5000 ! SALEM CANAL !! 
• i i 
i ' 1 

i ' 1 

!! 1712001 
11 
1 1 
1 1 
1 1 
11 
1 1 
11 
1 1 
1 1 
1 1 

! SALEM VATER DEPT ! 609-935-0350 1 CLINTON TVP 

1 ALLOWAY TVP 

! LAUREL LAKE - At Vatervorkt !! 
1 Rd I Lake Ave. \\ 
i 1 * 

; ELKINTON MILL POND - ',! 
Vatervorks Rd. 3 tilei east !', 

! of Laurel Lake (Seasonal) ',! 

1! 1903001 
11 
11 
11 
11 

; BRANCBVILLE 
! VATER DEPARTMENT 

; 201-948-6463 ; FRANKFORD TVP ! BRANCBVILLE RESERVOIR • !! 
7300' norhteast of Hattison !! 

! Ave 1 Mattison School Rd. !! 
i . . . " 

H 1906002 
11 
11 

! FBAHLII VATER DEP1 r| 201-827-7060 1 FRANKLIN BOROUGH ! FRANKLIN POND - Franklin 
! Ave. Across froi plant !! 
i ' 1 1 

:: 1915001 
11 
11 

! NEWTON VATER DEPT ! 201-383-3521 | SPARTA TVP ! MORRIS LAKE !! 
i 11 
i 1 1 



STATE OF NEV JERSEY DEPARTMENT OF EHYIROHKEHTAL PROTECTION 
BUREAU OF SAFE DRINKING WATER 

MARCH 1992 

PVSIDt 1 PURVEYOR NAME PHONE NUMBER ! 
INTAKE ! 

MUNICIPALITY 
INTAKE 
LOCATION 

1921001 ! SUSSEX VATER DEPT 1 201-967-5622 1 VANTAGE TVP \ COLESVILLE RESERVOIR - At -
Brink Rd. 400' west of 
Rt. 23 

2013001 RAHVAY VATER DEPT 201-388-0086 RAHVAY RAHVAY RIVER - At puip 
stttion off Valley Rd A 
Laibert St. 

2004002 RLIIABETHTOVN 
, VATER COMPANY 

-Ml, 1li lilt .VlRIDGEVATER TVP RARITAN A MILLSTONE RIVERS 
• At confluence 

2108001 HACIETTSTOVN MUA ', 201-852-3622 DRAKESTOVN 

| DRAKESTOVN 

! MINE HILL RESERVOIR - Off 
; Mine Bill Rd. 

', BURD RESERVOIR - Off 
! Reservoir Rd. Southeast of 

11 
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MALCOLM PIRNIE, INC. PROJECT NOTES 

To: File Date: December 15, 1993 

From: David Kahlenberg Project #: 8003-093 

Subject: Surface Water Resources Site Name: Middlesex Sampling Plant 

The Ambrose Brook has a flow of 6.1 cubic feet per second (cfs) and has a surface water classification of 
FW2-NT which stands for fresh water, non-trout waters under NJAC 7:9-4.1 et seq. In addition, all FW2 waters 
are designated for the use of maintenance, migration, and propagation of the natural and established biota; 
and is a source of drinking water. 

The Main Stream has an unknown flow, but it is assumed to be less than 6.1 cfs. 

This stream is also classified as FW2-NT as it is stated on p. 52-53 of NJAC 7:9-4.1 et seq. 

The Green Brook has a flow of 690 cfs and is also classified under NJAC 7:9-4.1 et seq. as FW2-NT. 

The Raritan River has a flow of 1292 cfs and is also classified under NJAC 7:9-4.1 et seq. as FW2-NT. 
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New Jersey 
Water Year 1990 
Volume 1. Surface-Water Data 

by W.R. Bauersfeld, E.W. Moshinsky, and E.A. Pustay 

U.S. GEOLOGICAL SURVEY WATER-DATA REPORT NJ-90-1 
Prepared in cooperation with the New Jersey 
Department of Environmental Protection 
and with other agencies ^ , 
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RARITAN RIVER BASIN 

OU03060 RARITAN RIVER BE LOU CALCO DAN, AT BOUND BROOK, NJ 

LOCATION.--let 40*33'05", long 74*32,54», Somerset County, Hydro logic Unit 02030105, on right bank 1,000 ft 
downstream from Calco Dam and Cuckold Brook, 1,400 ft upstream of bridge on Interstate 287, 1.2 mi downstream f 
Millstone River, and 1.2 mi southwest of Bound Brook. 

DRAINAGE AREA.•-785 mi2 (Includes 11 mi2 which drains into the Delaware and Raritan Canal). 

PERIOD OF RECORD.--September 1903 to March 1909, October 1944 to current year. Monthly discharge only for some 
genods^published in WSP 1302. Prior to October 1966 published as "Raritan River at Bound Brook11 (station 

REVISED RECORDS.--WSP 1552: 1903-07, 1946(H), 1949, 1952(P). 

GAGE.- -Water-stage recorder. Datum of gage is National Geodetic Vertical Datum of 1929. Sept. 12. 1903 to Mar. 
31. 1909, nonrecording gages at highway bridge. 1.2 mi downstream at different datum. October 1944 to Sept. 30, 
1966, water-stage recorder and concrete control at site 1,000 ft upstream at datum 18.06 ft higher. 

REMARKS.--No estimated daily discharges. Records good. Water diverted 1.2 mi above station by EIizabethtown Water 
Co. for municipal supply (see Raritan River basin, diversions). Flow regulated by Spruce Run and Round Valley 
Reservoirs (see Raritan River basin, reservoirs in). Diversions to and releases from Round Valley Reservoir (see 
Raritan River basin, diversions and station 01399690). Slight diurnal fluctuations at low flow. Several 
measurements of water temperature were made during the year. New Jersey Water Supply Authority gage-height 
telemeter at station. 

DISCHARGE, CUBIC FEET PER SECOND, WATER YEAR OCTOBER 1989 TO SEPTEMBER 1990, DAILY-MEAN VALUES 

DAY OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP 

1 955 1680 736 2080 2490 778 1200 569 2390 474 545 462 
2 1830 1230 616 1340 1960 742 1050 506 1440 741 424 420 
3 2230 1060 575 824 1680 749 3090 442 1160 507 278 394 

1410 992 365 680 2150 725 3040 424 1030 412 240 350 
5 1150 960 551 634 2560 635 2010 3210 914 338 246 315 

6 1000 734 523 576 1710 617 1400 1930 755 388 1870 298 
7 918 670 516 475 1440 572 1360 1070 742 547 7540 293 
8 839 686 420 458 1250 551 1350 778 695 398 3700 288 
9 790 2260 337 727 1120 574 1110 638 3740 352 1730 260 
10 743 2730 376 1780 . 2090 590 953 1400 1750 887 1520 253 

11 767 1580 381 2680 2770 609 1280 7730 1110 573 9100 252 
12 638 1240 404 1520 1780 601 1160 3130 829 503 4300 239 
13 656 954 393 904 1540 568 923 2680 664 2010 2240 263 
14 660 844 354 623 1340 542 818 3670 614 1320 2560 274 
15 665 835 471 608 1190 502 3140 1880 2140 858 1310 279 

16 651 958 389 563 1210 485 2720 1600 1420 721 929 307 
17 1120 1130 429 630 1140 560 1780 10600 879 559 717 512 
18 2240 917 422 852 930 1810 1440 4890 1380 422 589 354 
19 2890 750 393 958 875 1300 1110 2620 5300 316 547 268 
20 9000 701 416 771 820 2080 930 1810 2670 311 519 280 

21 13000 646 372 1620 724 2690 919 1500 1480 446 444 271 
22 5300 534 310 2170 729 1590 1010 1340 1110 547 566 636 
23 2980 561 333 1460 1070 1180 850 1150 939 541 499 829 
24 2110 541 368 1120 1950 959 740 1020 823 756 3090 477 
25 1730 515 394 2830 1390 861 674 893 684 585 2130 361 

26 1520 608 416 7780 926 794 666 909 581 476 1110 290 
27 1350 723 386 4360 833 717 612 1040 514 430 835 274 
28 1240 1120 297 2330 834 635 563 861 463 412 773 252 
29 1170 1180 303 1910 591 548 2500 432 401 775 233 
30 1070 858 288 10800 852 617 9110 536 378 815 221 
31 1140 360 4710 ... 1400 4770 383 562 

MEAN 2057 1007 416 1960 1446 899 1302 2473 1306 580 1694 340 
MAX 13000 2730 736 10800 2770 2690 3140 10600 5300 2010 9100 829 
MIN 638 515 288 458 724 485 548 424 432 311 240 221 

STATISTICS OF MONTHLY FLOW DATA FOR PERIOD OF RECORD, BY WATER YEAR (WY) 

MEAN 663 1076 1451 1587 1754 2112 1786 1319 790 701 694 691 
MAX 2953 3684 4172 5825 3232 3858 5326 3862 3883 4624 3576 3158 
(WY) 1904 1973 1974 1979 1971 1978 1983 1989 1972 1975 1955 1975 
MIN 113 138 178 179 485 454 230 339 117 84.7 69.9 76.1 
(WY) 1958 1966 1966 1981 1980 1985 1985 1965 1965 1955 1957 1957 

SUMMARY STATISTICS 

AVERAGE FLOW 
HIGHEST ANNUAL MEAN 
LOWEST ANNUAL MEAN 
HIGHEST DAILY MEAN 
LOWEST DAILY MEAN 
INSTANTANEOUS PEAK FLOW 
INSTANTANEOUS PEAK STAGE 
10 PERCENTILE 
50 PERCENTILE 
95 PERCENTILE 

a From floodmark. 

FOR 1990 WATER YEAR 

1292 

FOR PERIOD OF RECORD 

13000 
221 

17900 
28.13 
2570 
818 
287 

Oct 21 
Sep 30 
Oct 21 
Oct 21 

1215 
2046 
480 

34100 
37 

46100 
37.47a 
2620 
642 
133 

Unadjusted 
1975 
1985 

Aug 28 1971 
Sep 6 1964 
Aug 28 1971 
Aug 28 1971 
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Annual maximum discharge at crest-stage pert<•!•record stations during water year 1990--Continued 

Annual Maximum 

Station 
No. 

Station name Location 
Drainage 

area 
Period 

of 
record 

Gage 
Date height Discharge 

( f t ) ( f t y / s ) 

01401595 Rock Brook near 
Blawenburg, NJ 

01401600 Beden Brook near 
Rocky Hill, NJ 

01401870 Six Hile Run 
near 
Middlebush, NJ 

01403395 Blue Brook at 
Seeleys Pond 
Dam, near Berkeley 
Heights, NJ 

01403500 Green Brook at 
Plainfield, NJ 

01407290 9ig Brook near 
Marlboro, NJ 

"01407830 Manasquan River 
near Georgia, NJ 

'01408015 Mingamahone Brook 
at Farmingdale, 
NJ 

Raritan River basin--Continued 

Lat 40*25'47», long 74*41'05", 9.03 
Somerset County, Hydrologic 
Unit 02030105, at bridge on 
Burnt Hill Road, 0.7 mi upstream 
from mouth, 1.0 mi northeast of 
Blawenburg, and 2.8 mi northwest 
of Rocky Hill. Datum of gage 
is 63.45 ft above National 
Geodetic Vertical Datum of 1929. 

Lat 40*24'52», long 74*39'02", 27.6 
Somerset County, Hydrologic 
Unit 02030105, at bridge on 
U.S. Route 206, 0.7 mi upstream 
from Pike Run. 1.2 mi northwest 
of Rocky Hill, and 4.6 mi north 
of Princeton. Datum of gage is 
38.09 ft above National Geodetic 
Vertical Datum of 1929. 

Lat 40*28'12", long 74*32'42", 10.7 
Somerset County, Hydrologic 
Unit, 02030105, at bridge on 
South Middlebush Road, 1.6 mi 

rtream from mouth, and 2.1 
south of Middlebush. Datum 

of gage is 39.91 ft above 
National Geodetic Vertical 
Datum of 1929. 

Lat 40,40'02», long 74*24'13", 3.59 
Union County, Hydrologic Unit 
02030105, on wall on right 
bank, upstream from Seeleys 
Pond spillway, 300 ft north 
of Scotch Plains, 1.0 mi west 
of Mountainside, and 4.5 mi 
southeast of Berkeley Heights. 
Datum of gage is 202.05 ft 
National Geodetic Vertical 
Datum of 1929. 

Lat 40*36'53", Long 74*25'55", 9.75 
Union County, Hydrologic Unit 
02030105, on left bank 20 ft 
downstream from bridge on 
Sycamore Avenue in Plainfield 
and 1.0 mi upstream from Stony 
Brook. Datum of gage is 70.37 
ft above National Geodetic 
Vertical Datum of 1929. 

Navesink River basin 

Lat 40*19'10", long 74*12'52", 6.42 
Monmouth County, Hydrologic 
Unit 02030104, downstream side 
of bridge on Hillsdale Road, 
1.7 mi east of Marlboro, and 
3.0 mi northwest of Colts Neck. 

Manasquan River basin 

Lat 40*12'36", long 74*16'41», 10.6 
Monmouth County, Hydrologic 
Unit 02040301, at culvert on 
Jacksons Mill Road near Georgia, 
and 0.5 mi upstream from Debois 
Creek. Datum of gage is 70.47 
ft above National Geodetic 
Vertical Datum of 1929. 
Revised Records--WDR NJ-87-1. 

Lat 40*11'38'', long 74*09'42», 6.20 
Monmouth County, Hydrologic 
Unit 02040301, at bridge on 
Belmar Road in Farmingdale, 
and 3.0 mi upstream from 
mouth. Datum of gage is 48.64 
ft above National Geodetic 
Vertical Datum of 1929. 

1967-90 8-11-90 b6.34 2,020 

1967-90 8-11-90 9.23 3,300 

1966-90 5-17-90 6.97 1,190 

1973, 10-20-89 
1981-90 

4.57 173 

1938-84t, 10-20-89 b3.20 690 
1985-90 

1980-90 8-06-90 b9.24 1,200 

1969-90 8-06-90 11.60 780 

1969-90 10-20-89 5.16 176 

0 
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Discharge measurements made at tow-flow partial-record stations during water year 1990- •Continued 

Station 
No. 

Station Name Location 
Drainage 

area 

MIL. 

Period 
of 

record 

Measurements 

Date Discharge 
( f t T / s ) 

01399280 

01399300 

•01399700 

dO1400540 

•01400947 

01400970 

01404060 

01405170 

01405180 

01405210 

01405440 

Lamington River 
near Chester, NJ 

Lamington River at 
Mi I[town, NJ 

Rockaway Creek 
at Uhitehou8e, 
NJ 

Millstone River 
near Manalapan, 
NJ 

Stony Brook at 
Pennington, NJ 

Honey Branch near 
Rosedale, NJ 

Ambrose Brook at 
Middlesex, NJ 

Mi I ford Brook at 
Englishtown, NJ 

McGellairds Brook 
at Englishtown, 
NJ 

Pine Brook at 
Clarks Mills, 
NJ 

Manalapan Brook at 
Bridge Street, 
at Spotswood, NJ 

Raritan River basin--Continued 

Lat 40*48'09«, long 74*41'52», 17.3 
(Jorris County Hydrologic Unit 
02030105, at bridge on Pleasant 
Hill Road. 1.2 mi north of Chester, 
and 1.7 mi upstream from Tanners 
Brook. 

Lat 40*47'13", long 74*43'13", 23.2 
Morris County. Hydrologic Unit 
02030105, at bridge on New 
Furnace Road, 0.1 mi downstream 
from Tanners Brook, and 0.6 mi 
north of Mi 11town. 

Lat 40*37'49«, long 74*44'11«, 37.1 
Hunterdon County, Hydrologic Unit 
02030105. at bridge on Lamington 
Road, 1.4 mi northeast of 
Uhitehouse, and 1.8 mi upstream 
from mouth. 

Lat 40*15'44», long 74*25'13", 7 37 
Monmouth County, Hydrologic 
Unit 02030105, at bridge on State 
Route 33, 1.3 mi west of Manalapan, 
5.5 mi east of Hightstown, and 8.4 
mi upstream of Rocky Brook. 

Lat 40*19'50«, long 74*46'05'\ 26.7 
Mercer County. Hydrologic Unit 
02030105, 25 ft upstream from dam 
on Stony Brook at Old Mill Road. 
1.3 mi east of Pennington, and 1.4 
mi downstream from Baldwin Creek. 

Lat 40*20'26», long 74*44'39'\ 3.83 
M.Sr.S5r-Sountv/ Hydrologic Unit 
02030105, at bridge on Elm 
Ridge Road, 0.2 mi above mouth, 
and 1.2 mi west of Rosedale. 

Lat 40*34'03'', long 74*31'02", 13.9 
Middlesex County, Hydrologic 
Unit 02030105, at dam, 900 ft 
upstream from bridge on State 
Route 18 in Middlesex, 
and 0.7 mi upstream from mouth. 

Lat 40*18'02'\ long 74*20'07", 4.86 
Monmouth County, Hydrologic 
Unit 02030105, at foridgeon 
Conmack Road. 0.6 mi upstream 
from McGellairds Brook, 1.2 mi 
east of Englishtown, and 2.0 mi 
southwest of Gordons Corner. 

Lat 40*18'06", long 74*21'26'', 14.9 
Monmouth County, Hydrologic 
Unit 02030105, at bridge on 
Wilson Avenue in Englishtown, 
0.8 mi downstream from Mi Iford 
Brook, 1.0 mi southeast of 
Monmouth-Middlesex County line, 
and 5.5 mi northwest of Freehold. 

Lat 40*18'58", long 74*19'51'\ 4.66 
Monmouth County. Hydrologic 
Unit 02030105, at bridge^ on 
Winthrop Drive, 1.3 mi east 
of Clarks Mills, 1.9 mi up
stream of Matchaponix Brook, 
and 4.8 mi northwest of 
Freehold. 

Lat 40*23'26«, long 74*23'26", 43.9 
Middlesex County, Hydrologic Unit 
02030105, at bridge on Bridge 
Street in Spotswood, 400 ft below 
DeVoe Lake Dam. 

1963-64, 
1973, 
1990 

1988-90 

1959-62, 
1964-65, 
1973, 
1977-84c, 
1986-90 

1960-62, 
1964, 
1971-72, 
1985, 
1987-90 

1965-69, 
1971-72, 
1985-88 

1957-59, 
1968-73, 
1975, 
1983-88 

1979-90 

1982, 
1984-90 

1982, 
1984-90 

1982, 
1984-90 

1973-76, 
1989-90 

4-30-90 24 
8-16-90 31 

3-14-90 
6-14-90 
8-17-90 

9-19-90 

9-14-90 

b4-13-88 

D4-12-88 

6-14-90 
9-07-90 

6-14-90 
9-07-90 

6-14-90 
9-07-90 

9-27-90 

38 
57 
38 

20 

10 

13 

1.5 

6.1 
4.1 

4.1 
3.8 

6-14-90 14 
9-07-90 9.6 

4.9 
3.4 

40 

J* 
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7:9-4.12 

(a) 

(b) 

1. I t i s demonstrated to the s a t i s f a c t i o n of the 
Department that the waters should be set aside to 
represent the natural aquatic environment and i t s 
associated biota; or 

2. I t i s demonstrated to the s a t i s f a c t i o n of the 
Department that a more r e s t r i c t i v e use i s necessary to 
protect a unique ecological system or 
threatened/endangered species. 

In those cases i n which a thermal discharge i s involved, the 
procedures for re c l a s s i f y i n g segments f o r more r e s t r i c t i v e 
uses s h a l l be consistent with section 316 of the Federal 
Clean Water Act. 

Designated uses of FW1, PL, FW2, SE1, SE2, SE3, and SC 
Waters 

In a l l FW1 waters the designated uses are: 

1. Set aside f o r po s t e r i t y t o represent the natural 
aquatic environment and i t s associated bi o t a ; 

2. Primary and secondary contact recreation; 

3. Maintenance, migration and propagation of the natural 
and established aquatic bi o t a ; and 

4. Any other reasonable uses. 

In a l l PL waters the designated uses are: 

1. Cranberry bog water supply and other a g r i c u l t u r a l uses; 

2. Maintenance, migration and propagation of the natural 
and established biota indigenous t o t h i s unique 
ecological system; 

3. Public potable water supply a f t e r such treatment as 
required by law or regulations; 

4. Primary and secondary contact recreation; and 

5. Any other reasonable uses. 

In a l l FW2 waters the designated uses are: 

1. Maintenance, migration and propagation of the natural 
and established biota; 

2. Primary and secondary contact recreation; 

3. I n d u s t r i a l and a g r i c u l t u r a l water supply; 
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4. Public potable water supply a f t e r such treatment as 
re q u i r e d by law or r e g u l a t i o n ; and 

5. Any other reasonable uses. 

(d) I n a l l SE1 waters the designated uses are: 

1. S h e l l f i s h h a r v esting i n accordance w i t h N.J.A.C. 7:12; 

2. Maintenance, m i g r a t i o n and propagation of the n a t u r a l 
and e s t a b l i s h e d b i o t a ; 

3. Primary and secondary contact r e c r e a t i o n ; and 

4. Any othe r reasonable uses. 

(e) I n a l l SE2 waters the designated, uses are: 

1. Maintenance, m i g r a t i o n and propagation of the n a t u r a l 
and e s t a b l i s h e d b i o t a ; 

2. M i g r a t i o n of diadromous f i s h ; 

3. Maintenance of w i l d l i f e ; 

4. Secondary contact r e c r e a t i o n ; and 

5. Any othe r reasonable uses. 

(.f) I n a l l SE3 waters the designated uses are: 

1. Secondary contact r e c r e a t i o n ; 

2. Maintenance and m i g r a t i o n of f i s h p o p u l a t i o n s ; 

3. M i g r a t i o n of diadromous f i s h ; 

4. Maintenance of w i l d l i f e ; and 

5. Any other reasonable uses. 

(g) I n a l l SC waters the designated uses are: 

1. S h e l l f i s h h a r v e s t i n g i n accordance w i t h N.J.A.C. 7:12; 

2. Primary and secondary contact r e c r e a t i o n ; 

3. Maintenance, m i g r a t i o n and propagation of the n a t u r a l 
and e s t a b l i s h e d b i o t a ; and 

4. Any ot h e r reasonable uses. 
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7:9-4.15 Surface water classifications for the waters of the 
State of New Jersey 

(a) This section contains the surface water classifications 
for the waters of the State of New Jersey. Surface water 
classifications are presented in tabular form. Subsections (c) 
through (g) contain surface water classifications by major 
drainage basin. Subsection (h) l i s t s FW1 waters by tract within 
basins and subsection (i) identifies the outstanding national 
resource waters of the State. 

(b) The following are instructions for the use of Tables 1 
through 5 found in N.J.A.C. 7:9-4.15(c) through (g) respectively: 

1. The surface water classification tables give the surface 
water classifications for waters of the State. Surface waters of 
the State and their classification are l i s t e d in the Table 
covering the major drainage basin in which they are located. The 
major drainage basins are: 

1. The Atlantic Coastal drainage basin which contains the 
surface waters listed in Table 1 in (c) below; 

i i . ' The Delaware River drainage basin which contains the 
surface waters li s t e d in Table 2 in (d) below; 

i i i . The Passaic River, Hudson River and New York Harbor 
Complex drainage basin which contains the surface waters l i s t e d 
in Table 3 in (e) below; 

iv. The Raritan River and Raritan Bay drainage basin which 
contains the surface waters li s t e d in Table 4 in (f) below; and 

v. The Wallkill River drainage basin which contains the 
surface waters li s t e d in Table 5 in (g) below. 

2. Within each basin the waters are l i s t e d alphabetically 
and segment descriptions begin at the headwaters and proceed 
downstream. 

3. To find a stream: 
i . Determine which major drainage basin the stream i s in; 
i i . Look for the name of the stream in the appropriate Table 

and find the classification; 
i i i . For unnamed or unlisted streams, find the stream or 

other waterbody that the stream of interest flows into and look 
for the classification of that stream or waterbody. The 
classification of the stream of interest may then be determined 
by referring to (b)5 below. I f the second stream or waterbody i s 
also unlisted, repeat the process until a l i s t e d stream or 
waterbody i s found. Use (b)5iv below to c l a s s i f y streams 
entering unlisted lakes. 

4. To find a lake or other non-stream waterbody: 
i . Determine which major drainage basin the waterbody i s in; 
i i . Look for the waterbody name in the appropriate Table; 
i i i . I f the waterbody i s not liste d , use (b)5ii, 5 i i i , 5vi, 

and 5vii below to determine the appropriate c l a s s i f i c a t i o n . 
5. To find unnamed waterways or waterbodies or named water

ways or waterbodies which do not appear in the l i s t i n g , use the 
following instructions: 
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i . Unnamed or unlisted freshwater streams that flow into 
streams clas s i f i e d as FW2-TP, FW2-TM, or FW2-NT take the 
classification of the classified stream they enter, unless the 
unlisted stream i s a PL water which i s covered in (b)5vii below. 
I f the stream could be a CI water, see (b)5vi below. 

i i . A l l freshwater lakes, ponds and reservoirs that are five 
or more acres in surface area, that are not located entirely 
within the Pinelands Area boundaries (see (b)5vii below) and that 
are not specifically listed as FW2-TM are c l a s s i f i e d as FW2-NT. 
This includes lakes, ponds and reservoirs on segments of streams 
which are cla s s i f i e d as FW2-TM or FW2-TP such as Saxton Lake on 
the Musconetcong River. I f the waterbody could be a CI water, 
also check (b)5vi below. 

i i i . A l l freshwater lakes, ponds and reservoirs, that are 
less than five acres in surface area, upstream of and contiguous 
with FW2-TP or FW2-TM streams, and which are not located entirely 
within the Pinelands Area boundaries (see(b)5vii below) are 
classified as FW2-TM. All other freshwater lakes, ponds and 
reservoirs that are not otherwise classified in this subsection 
or the following Tables are classified as FW2-NT. I f the 
waterbody could be a CI water, also check (b)5vi below. 

iv. Unnamed or unlisted streams that enter FW2 lakes, ponds 
and reservoirs take the classification of either the listed 
tributary stream flowing into the lake with the highest 
classification or the listed tributary stream leaving the lake 
with the highest classification, whichever has the highest 
classification, or, i f there are no list e d tributary or outlet 
streams to the lake, the f i r s t l isted stream downstream of the 
lake. I f the stream i s located within the boundaries of the 
Pinelands Area, see (b)5vii below; i f i t could be a CI water, 
also see (b)5vi below. 

v. Unnamed or unlisted saline waterways and waterbodies are 
classi f i e d as SE1 in the Atlantic Coastal Basin. Unnamed or 
unlisted saline waterways which enter SE2 or SE3 waters in the 
Passaic, Hackensack and New York Harbor Complex basin are 
classified as SE2 unless otherwise clas s i f i e d within Table 3 in 
(e) below. Freshwater portions of unnamed or unlisted streams 
entering SE1, SE2, or SE3 waters are cla s s i f i e d as FW2-NT. This 
only applies to waters that are not PL waters (see (b)5vii 
below) . I f the waterbody or waterway could be a CI water, also 
see (b)5vi below. 

v i . I f the waterway or waterbody of interest flows through 
or i s entirely located within State parks, forests or fish and 
game lands, Federal wildlife refuges, other special holdings, or 
is a State shellfish water as defined in N.J.A.C. 7:9-4, the 
Department's maps should be checked to determine i f the waterbody 
of interest i s mapped as a CI water. I f the waterway or 
waterbody does not appear on the United States Geological Survey 
quadrangle that the Department used as a base map in i t s 
designation of the CI waters, the Department w i l l determine on a 
case-by-case basis whether the waterway or waterbody should be 
designated as CI. 

v i i . A l l waterways or waterbodies, or portions of waterways 
or waterbodies, that are located within the boundaries of the 
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Pinelands Area established at N.J.S.A. 13:18A-lla are cla s s i f i e d 
as PL unless they are li s t e d as FW1 waters in Table 6 in (h) 
below. A tributary entering a PL stream i s c l a s s i f i e d as PL only 
for these portions of the tributary, that are within the Pinelands 
Area. Lakes are classified as PL only i f they are located 
entirely within the Pinelands Area. 

6. The following 10 classifications are used for the sole 
purpose of identifying the water quality c l a s s i f i c a t i o n of the 
waters listed in the Tables in (c) through (h) below: 

i . "FW1" means freshwaters wholly within Federal or State 
lands or special holdings that are preserved for posterity and 
are not subject to manmade wastewater discharges. 

i i . "FW2-TP" means FW2 Trout Production. 
i i i . "FW2-TM" means FW2 Trout Maintenance. 
iv. "FW2-NT" means FW2 Non Trout. 
v. "PL" means Pinelands Waters. 
v i . "SE1" means saline estuarine waters whose designated 

uses are lis t e d in N.J.A.C. 7:9-4.12(d). 
v i i . "SE2" means saline estuarine waters whose designated 

uses are li s t e d in N.J.A.C. 7:9-4.12(e). 
v i i i . "SE3" means saline estuarine waters whose designated 

uses are li s t e d in N.J.A.C. 7:9-4.12(f). 
ix. "SC" means the general surface water clas s i f i c a t i o n 

applied to saline coastal waters. 
x. FW2-NT/SE1 (or a similar designation that combines two 

classifications) means a waterway in which there may be a salt 
water/fresh water interface. The exact point of demarcation 
between the fresh and saline waters must be determined by 
salinity measurements and i s that point where the sal i n i t y 
reaches1 3.5 parts per thousand at mean high tide. The stream i s 
classified as FW2-NT in the fresh portions ( s a l i n i t y less than or 
equal to 3.5 parts per thousand at mean high tide) and SE1 in the 
saline portions. 

7. The following water quality designations are used in 
Tables 1 through 5 in (c) through (g), respectively, below: 

i . " ( C I ) 1 1 means Category 1 waters; 
i i . "(tp)" indicates trout production in waters which are 

classi f i e d as FW1. This i s for information only and does not 
affect the water quality c r i t e r i a for those waters; 

i i i . "(tm)" indicates trout maintenance in waters which are 
classified as PL or FW1. For FW1 waters this i s for information 
only and does not affect the water quality c r i t e r i a for those 
waters. 
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(f) The surface water classifications in Table 4 are, for 
waters of the Raritan River and Raritan Bay Basin: 

6a fa /TM b c$ <* 6 'co £ 
WATERBODY CLASSIFICATION 

ALLERTON CREEK (Allerton) - Entire length FW2-NT 
AMBROSE BROOK (Piscataway) - Entire length FW2-NT 
AMWELL LAKE (Syndertown) FW2-NT(C1) 
ASSISCONG CREEK (Flemington) - Entire length FW2-NT 
BACK BROOK (Vanliew's Corners) - Entire length FW2-NT 
BALDWINS CREEK 

(Pennington) - Entire length, except FW2-NT 
segment described separately below 

(Baldwin) - Segment within the boundaries FW2-NT(C1) 
of Baldwin Lake Wildlife Management 
Area 

BARCLAY BROOK (Redshaw Corners) - Entire length FW2-NT 
BEAVER BROOK 

(Cokesbury) - Source to Reformatory Road FW2-TP(C1) 
bridge 

(Annandale) - Reformatory Rd. bridge to •FW2-TM 
Raritan River, South Branch 

BEDEN BROOK (Montgomery) - Entire length FW2-NT 
BIG BEAR BROOK (West Windsor) - Entire length FW2-NT 
BIG BROOK (Vanderberg) - Entire length FW2-NT 
BLACK BROOK (Polktown) - Entire length FW2-TP(C1) 
BLACK RIVER - See LAMINGTON RIVER 
BLACKBERRY CREEK 

(Oceanport) - Source to a line beginning on SE1 
the easternmost extent of Gooseneck 
Point and bearing approximately 162 
degrees True North to i t s terminus on 
the westernmost extent of an unnamed 
point of land in the vicinity of the 
western extent of Cayuga Ave. in 
Oceanport. 

(Oceanport) - Creek below the line SE1 
described above 

BLUE BROOK (Mountainside) - Entire length FW2-NT 
BOULDER HILL BROOK (Tewksbury) - Entire length FW2-TP(C1) 
BOUND BROOK (Dunellen) - Entire length FW2-NT 
BRANCHPORT CREEK 

(Long Branch) - Source to a line beginning FW2-NT/SE1 
on the northernmost extent of an 
unnamed point of land lying north of 
Pocano Ave. in Oceanport and bearing 
approximately 055 degrees True North 
to i t s terminus on the westernmost 
extent of the northern bulkhead at the 
lagoon located between France Rd. and 
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Oceanport 
(Oceanport) - Creek downstream of line 

described above 
PARKERS CREEK 

(Fort Monmouth) - Source to a line 
beginning on the easternmost extent of 
Horseneck Point and bearing 
approximately 000 degrees T (True 
North) to i t s terminus on Breezy Point 
on the L i t t l e Silver side (north) side 
of the creek. 

(Fort Monmouth) - Creek downstream of line 
described above 

PEAPACK BROOK (Gladstone) - Entire length 
PETERS BROOK (Somerville) - Entire length 
PIGEON SWAMP (S. Brunswick) - All waters within 

the boundaries of Pigeon Swamp State 
Park 

PIKE RUN (Belle Meade) - Entire length 
PINE BROOK (Clarks Mills) - Entire length 
PINE BROOK (Cooks Mill) - Entire length 
PLEASANT RUN (Readington) - Entire length 
PRESCOTT BROOK (Stanton Station) - Entire length 
RAMANESSIN (HOP) BROOK (Holmdel) - Entire length 
RARITAN BAY - Entire drainage 
RARITAN RIVER 
NORTH BRANCH (Also see INDIA BROOK) 

(Pleasant Valley) - Source to, but not 
including, Ravine Lake 

(Far H i l l s ) - Ravine Lake dam to Rt. 512 
bridge 

(Bedminister) - Rt. 512 bridge to 
confluence with South Branch, Raritan 
River 

SOUTH BRANCH RARITAN RIVER 
(Mt. Olive) - Source to the dam that i s 390 

feet upstream of the Flanders-
Drakestown Road bridge 

(Mt. Olive) - Dam to confluence with Turkey 
Brook 

(Naughright) - Confluence with Turkey Brook 
to confluence with Ele c t r i c Brook 

(Clinton) - Confluence with E l e c t r i c Brook 
to downstream end of Packers Island, 
except segment described separately, 
below 

(Ken Lockwood Gorge) - River and 
tributaries within Ken Lockwood Gorge 
Wildlife Management Area 

(Neshanic Sta.) - Downstream end of Packers 
Island to confluence with North 
Branch, Raritan River 

MAIN STEM RARITAN RIVER 
(Bound Brook) - From confluence of North 

SEl(Cl) 

FW2-NT/SE1 

SEl(Cl) 

FW2-TP(C1) 
FW2-NT 
FW2-NT(C1) 

FW2-NT 
FW2-NT 
FW2-TM 
FW2-NT 
FW2-TM 
FW2-TM 
FW2-NT/SE1 

FW2-TP(C1) 

FW2-TM 

FW2-NT 

FW2-NT(C1) 

FW2-TM(C1) 

FW2-TP(C1) 

FW2-TM 

FW2-TM(C1) 

FW2-NT 

FW2-NT 
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SE1 

FW2-NT 

FW2-TM 

and South Branches to Landing Lane 
bridge in New Brunswick and a l l 
freshwater tributaries downstream of 
Landing Lane bridge. 

(Sayreville) - Landing Lane bridge to 
Raritan Bay and a l l saline water 

RINEHART BROOK (Hacklebamey) - Entire length FW2-TP(C1) 
ROCK BROOK (Montgomery) - Entire length UW^-KJ. 

ROCKAWAY CREEK 
NORTH BRANCH ^ . , . 

(Mountainville) - Source to Rt. 523 brxdge FW2-TP(C1) 
(Whitehouse) - Rt. 523 bridge to confluence FW2-TM 

with South Branch FW2-TM 
SOUTH BRANCH (Whitehouse) - Entire length *J£ in 
MAIN STEM (Whitehouse) - Confluence of North 

and South Branches to Lamington River 
ROUND VALLEY RESERVOIR (Clinton) pW->_NT 
ROYCE BROOK (Manville) - Entire length t w ^ W i 

SHREWSBURY RIVER 
(L i t t l e Silver) - Source to Rt. 3 6 highway . SEl(Cl) 

bridge 
(Highlands) - Rt. 36 bridge to Sandy Hook SEl 

SIMONSON BROOK (Griggstown) - Entire length FW2-NT 
SIX MILE RUN ^ M_ 

(Franklin Church) - Entire length, except J?W^-NI 
segment described below . 

(Hillsborough) - Segment within the F W Z " M 1 ^ i ' 
boundaries of Six Mile Run State Park 

SOUTH RIVER . 
(Old Bridge) - Duhernal Lake to intake of FW2 NI 

the Sayreville Water Department 
(Sayreville) - Below the intake of the SEl 

Sayreville Water Department ^ 
SPOOKY BROOK (Bound Brook) FW2-NT 
SPRUCE RUN „ T D f n . 

(Glen Gardner) - Source to, but not KW^-if^ij 
including, Spruce Run Reservoir 

(Clinton) - Spruce Run Reservoir dam to FW2-TM 
Raritan River, South Branch , 

SPRUCE RUN RESERVOIR (Union) - Reservoir and FW2-iM^ij 
tributaries 

STONY BROOK (Washington) - Entire length ' FW2-TP(<-IJ 

STONY BROOK 
(Hopewell) - Entire length, except that FWZ-NI 

segment described below , 
(Syndertown) - Brook and tributaries within FW2-NT(Ci) 

Amwell Lake Wildlife Management Area 
STONY BROOK (Watchung) - Entire length ™J~!rorri\ 
SUN VALLEY BROOK (Mt Olive) - Entire length FW2-IFI<-I; 
SWIMMING RIVER 

(Red Bank) - Source to the intake of the 
v FW2-NT 
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REFERENCE NO. 5 



ARCS I I CONTRACT 63-W9-0051 
MALCOLM PIRNIE, INC 

RECORD OF TELEPHONE CONVERSATION/AGREEMENT 

File NO. ?odr\- C 

Date _ _ Time: <?>22. [ ] A j v I [^M. 

[ /^Incoming Call Fi 

Affiliation: 

/h/S " 5 7 6 - 5 72t/ 
Telephone No. 

• ' Jl 

n 
Telephone No. 

[ ] Outgoing Call 

Malcolm Pirnie Staff; JfltZ/S) 
(Receiving or Calling) Name Telephone No 

Summary of [^^Conversation [ ] Agreement: 

dJJhij. ,<fet/ >r^y ^ -s^^sp^ "sihC; x.ch^ /rrsGO 
AU/T. sisioAJ -*L£yy - sltr'rf'fA'jj' 7% TW/Zi*. ^ZCe/toti. n-* 
/ ^ X > H s 7 U Z J & J f M l h T L ! 'Ufrlfo A U > £ , - J ^ t ^ U fast.* / 7 

.4ACe, ##<sf y / x j r ST*A, jtf/c'/.*7is„-7rA/>t< AW&J ^ 

< 

f:\rectele.jan(l) 



REFERENCE NO. 6 



MALCOLM PIRNIE. INC. P R O J E C T I V E ! 

7 0 1 _ , Date: S f ^ ^ ^ 
From: M M HAHfrAiMtL Project N E J I m b e r T ^ V ^ From: P f o j e c t N t o b ^ g g ^ ^ j 
Subiect: fcrirtte S R e N a m e : M M ^ f t ^ ^ j ^ , 

\ 



ARCS II CONTRACT 68-W9-0051 o 
MALCOLM PIRNIE, INC 

RECORD OF TELEPHONE CONVERSATION/AGREEMENT 

File No. 

Date: f/ljW'L TW- f>3*~ (•fAM ( ] P M 

[ ^Incoming Call From: ftrjiur Ltf,t^ 9cF-.3.l£ -Zd? 

Affaiation: OrL&P F^A ft* . IQiVL 
Telephone No. 

[ ] Outgoing Call To:_ 

Affiliation:. 
Telephone No. 

Malcolm Pirnie Staff: 

(Receiving or Calling) Name Telephone No. 

Summary of [•"̂ Conversation [ ] Agreement: 

/irXjL of -TJ* Asux i^-cr 7T> /ynj^yfj/? ^f^^yf 

f:\rectele.jan(l) 



ARCS II CONTRACT 68-W9-O051 
MALCOLM PIRNIE, INC 

RECORD OF TELEPHONE CONVERSATION/AGREEMENT 

File No. 

D«e: Z l f £ / ± L Tone: l ' 0 < ~ \ } AM [ / P M 

[ incoming Call From: (kf£,.r £'P'~*- J 3 C - % f / f f 

Afffliation: ^ J Q ^ P - J)i/. 7 ^ . ( r f i . ^ ^ fU N ° ' 

[ ] Outgoing Call To: 

Affiliation: 
Telephone No. 

Malcolm Pirnie Staff: /hurt JlAf/ff(UAZ*6 66% O/PC) 
(Receiving or Calling) Name Telephone No. 

Summary of [•̂ Conversation [ ] Agreement: 

' f ^ - ^ ^ -t4*t / / ^ / / ^ 7AU»CA^ / ^ W ifar? TTsdu*., 

Jars £ ~ 7 7 M 7 Z 7 7 V * 

o^Q syforAp /,#J, .a/A A / ^ / T J ^ - f ^ *afz~~L 

//^^'>2ZS^ ^ "^^y_ ^ <J/Z* 
/lc& A^TJ f?i*f tt> J%> s£^sJ7~ Abe* . 

-27^'Vr ' ; / ' 

/7//s?,^p 7C*TJ 7~\/foZ44lflj( ;7~ " s 7 

f:\rectele.jan(l) 



REFERENCE NO. 7 



State of New Jersey 
Department of Environmental Protection and Energy 

Division of Parks and Forestry 
Office of Natural Lands Management 

CN 404 Trenton New Jersey 08625-0404 
Scott A. Weiner (609) 984-1339 Thomas F. Hampton 
Commissioner FAX (609) 984-1427 Administrator 

September 9, 1992 

Andrew Clibanoff 
Malcom Pirnie, Inc. 
104 Interchange Plaza 
Cranbury, NJ 08512 

Re: Middlesex Sampling Plant and Associated Waterways 

Dear Mr. Clibanoff: 

Thank you for your data request regarding rare species information for the 
above referenced project s i t e i n Middlesex and Somerset Counties. 

The Natural Heritage Data Base does not have any records for rare plants, 
animals, or natural communities on the Middlesex Sampling Plant s i t e . However, 
there are records for a number of occurrences for rare species which may be on, 
or i n the immediate v i c i n i t y of the waterways that you have associated with t h i s 
s i t e . The attached l i s t provides additional information about these occurrences. 
Also attached i s a l i s t of rare species from records i n the general v i c i n i t y of 
the project s i t e (within approximately 4 miles). 

Also attached are l i s t s of rare vertebrates of Middlesex and Somerset Counties 
together with descriptions of th e i r habitats. I f suitable habitat i s present 
at the project s i t e , these species would have p o t e n t i a l to be present. I f you 
have questions concerning the w i l d l i f e records or w i l d l i f e species mentioned i n 
th i s response, we recommend you contact the Division of Fish, Game and W i l d l i f e 
Endangered and Nongame Species Program. 

In order to red f l a g the general locations of documented occurrences of rare 
and endangered species and natural communities, i n 1988 we prepared computer 
generated Natural Heritage Index Maps. Enclosed please f i n d these maps for the 
Bound Brook, New Brunswick, P l a i n f i e l d , and South. Amboy USGS quadrangles. 

PLEASE SEE THE ATTACHED 'CAUTIONS AND RESTRICTIONS ON NHP DATA'. 

Thank you for consulting the Natural Heritage Program. The fee to cover the 
cost of processing this data request is $40.00. Payment should be made payable 
to Treasurer, State of New Jersey and mailed to Office of Natural Lands 
Management, DEPE Div. of Parks and Forestry, CN404, Trenton, NJ 08625-0404. To 
ensure that your payment is properly credited, please provide a copy of th i s 

Printed on recycled paper 



l e t t e r with your remittance. Feel free to contact us again regarding any future 
data requests. 

Sincerely, 

Elena A. Williams 
Senior Planner 
Natural Heritage Program 

cc: JoAnn Frier-Murza 
Thomas Hampton 
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To: £zt6 Date: JC.nJiL 
From: fflUm tfffl&LJfifdtr Project Number: fnnzntfs 
Subject: fopj*/?^ ^ £ A a i ( j S Site Name: itMc* SuJ.^ 
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A ' / I d 1 f 
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Table 6. Household, Family, and Group Quarters Characteristics: 1990 2of<{ 
\ For oeftwiora ot terms and meanings of symbols, set text} 

State 
County 
Plan and [In Selected 
States] County 
Subdivision 

COUNTY 
Artonfie Coonfv 
Bergen County 
Burlington County . . 
Camden County 
Cant May County 
Cumberland County . 
Essex County 
Gloucester County 
Hudson County 

i County 

Mercer County . 
Middlesex Counrv . \ 
Monmouth County " ™ 
Moms County . . . . [ 
Ocean County 
Passe* County 
Salem County . 
Somerset County \ 
Sussei County 
Union Countv . . . . 
Worren County 

P U a AND COUNTY SUBDIVISION 
Aberdeen townsmo. Monmouth County 
Abseeon city. Atlantic County 
A(«ianana townsmo Hunterdon County 
Allamucnv fownsnio, Warren County 
AllamudTv-Ponther vailey COP. Worren 
County , . . _ 

Allendale borougn. dergen County 
Allenhurst borougn. Monmouth County 
Allcntown oorougn, Monmoum County 
Alloway COP. Salem County ~ 
AJIowoy townsmo. Salem County 

Alpha borougn. Worren County 
Alpine borough. Bergen County ™ 
Andover borough. Sussex County " 
Andower townsmo. Sussex County 
Annandott COP. Hunterdon County mJm 

Asburv Park city, Monmouth County 
. AHantic Gty aty. Atlantic County 
Atlantic Highlands borough, Monmoum 

County . . . 
Audubon borough. Camden County 
Audubon Pork borougn. Camden County 

Avoton borough. Caoe May County 
Avenei CDP. Middlesex County 
Awjn-by-me-Seo borougn. Monmoum County. 
Bamegot CDP. Ocean County ~ 
Somegot tpwnsmo. Ocean County 
Bamegat ught oorougn. Ocean County 
Bamngton borough. Camden County 
Boss River townsmo. Burlington County . 
Bay Head borougn. Ocean County '_ 
3oyonne city, Hudson County ~~ 

3eoch Haven oorougn. Ocean County 
Beach Haven w « r CDP Oceon County ._ 
Beotftwooa borougn. Ocean County 
Beatryestown CDP. Worren County 
Beckett CDP. Gloucester County 
Sedminster townsmo. Somerset County 
BeftevMe CDP. Essex County _• 
BelknAtle townsmo. Essex County 

Belmar borough. Monmouth County . 

Bervidere town Warren County 
BergemSeW borough. Bergen County 
Berkeley township. Ocean Countv 
Berkeley Heights townsmo. Union County. 
Berkeley Heights CDP. Union County 
Berlin borough. Camden County 
Berlin townsmo, Camden County 
Bernards townsmo. Somerset County _, 
Bemordsvrile borough. Somerset County... 
Bethlehem township. Hunterdon County.. . 

Beverly city. Burlington County 
Blackwood CDP. Camden County [ 
Bloirstown township. Warren County 
3loomtw*d CDP Essex County ] 
Bloom field townsmo. Essex County 
Bloonnngoate borougn. Possaic County 
Bloomsbury oorougn. Hunterdon County... 
Bogota borough. Bergen County 
Boonton town. Moms County 
Boonton townsmo. Morris County . . . . 

Borden town city Burlington County 
Bordentown township. Burlington County. . . 
Bound Brook borougn, Somerset County . . . 
Bradley Beach borougn. Monmouth County . 
Bronehourg townshio, Somerset County 
Broriehville borough. Sussex County 
Brass Costte CDP. Worren County 
Brick townsmo. Ocean Countv 
8ncfc Townsmo CDP Ocean Countv ~/_ 
Bndgeton atv. Cumoertond County 

At nouse-
nousehefcxs holds 

7 55t • » I 794 711 

fomeV households 

218 321 
816 230 
380 910 
493 933 
92 414 
131 455 
759 590 
225 971 
546 160 
104 438 

309 804 
648 I I I 
541 950 
413 680 
426 852 
442 797 
63 765 

235 585 
129 218 
487 238 
90 398 

16 896 
7 144 
3 531 
3 448 

2 728 
5 709 

759 
I 828 
1 335 
2 759 

2 530 
I 716 

700 
4 747 
1 074 

16 277 
36 225 

4 629 
9 205 
I 150 

1 809 
12 212 
2 141 
I 160 

12 120 
657 

6 774 
1 580 
I 226 

61 191 

1 460 

85 123 
308 880 
136 554 
178 758 
37 856 
47 118 

278 752 
78 845 

208 739 
37 906 

116 941 
238 833 
197 570 
148 751 
168 147 
155 269 
23 794 
S3 346 
14 456 

33 997 

5 905 
2 579 
1 203 
1 471 

1 232 
1 859 

298 
655 
473 
956 

967 
534 
261 

1 695 
390 

6 871 
15 731 

1 774 
3 622 

498 

838 
4 854 

989 
424 

4 163 
330 

2 688 
554 
530 

25 309 

4 237 1 932 
9 324 3 047 
3 966 1 679 
3 815 1 188 
7 086 3 447 
34 123 13 374 
34 123 13 374 
12 603 *i 675 
5 851 . 2 718 

2 663 1 027 
24 417 8 799 
36 794 17 614 
I I 540 3 860 
I I 540 3 860 
5 672 1 950 
5 453 1 777 

16 146 6 345 
6 546 2 449 
3 104 1 033 

2 973 1 Oil 
5 101 1 835 
5 331 1 773 
44 633 18 455 
44 633 18 455 
7 530 2 747 

890 330 
7 811 2 777 
8 198 3 121 
3 440 1 241 

4 297 1 784 
7 334 2 857 
9 475 3 675 
4 465 2 009 
10 885 3 744 

851 354 
1 419 477 

66 170 24 965 
66 170 24 965 
18 288 6 725 1 

taut*. 
Mania*, hold*, no 

coupfe husband 
Total (am*, prtsant 

2 M l M4 I 571 701 U l 4JJ 

56 576 
225 188 
104 190 
129 568 
25 667 
34 966 
191 363 
60 808 
136 143 
29 295 

82 447 
175 451 
145 892 
113 074 
120 783 
115 135 
17 645 

. 65 368 
35 516 
131 200 
25 Oil 

4 617 
2 009 
I 016 
1 033 

S43 
I 603 

208 
519 
382 
774 

729 
482 
181 

I 337 
300 

3 584 
8 183 

1 267 
2 433 

346 

545 
3 420 

555 
311 

3 343 
198 

I 363 
435 
364 

16 528 

421 
1 286 
2 476 
I 077 
I 044 
I 991 
9 193 
9 193 
3 531 
I 381 

728 
6 733 
12 394 
3 325 
3 325 
1 502 
I 432 
4 608 
I 843 
882 

753 
I 380 
1 474 

II 857 
M 857 
2 094 

255 
2 079 
2 127 
I 006 

1 148 
2 024 
2 490 
I 086 
3 080 

241 
403 

18 729 
18 729 
4 640 

41 202 
186 258 
85 741 
96 405 
20 592 
25 318 
124 659 
49 629 
90 508 
25 953 

62 715 
143 344 
120 609 
96 850 
102 028 
84 917 
13 780 
55 575 
30 810 
101 002 
20 807 

3 873 
I 659 
922 
904 

750 
1 439 

174 
427 
329 
664 

590 
442 
149 

I 162 
262 

I 662 
3 713 

1 021 
1 952 

237 

468 
2 719 

447 
248 

2 838 
173 

I 499 
361 
293 

11 956 

344 
1 090 
2 035 

880 
950 

1 654 
6 964 
6 964 
2 732 
I 009 

596 
5 462 

11 076 
3 017 
3 017 
I 265 
I 151 
4 160 
I 617 
303 

510 
I 098 
I 328 
9 258 
9 258 
I 763 

227 
I 674 
I 665 
893 

809 
1 683 
1 913 

778 
2 799 

193 
374 

15 810 
15 810 
2 674 

I I 647 
29 139 
14 01 
26 205 
3 882 
7 429 

53 401 
8 453 
34 343 
2 371 

15 448 
23 886 
19 442 
11 923 
14 443 
22 753 
3 01 
7 231 
3 379 

22 958 
3 090 

555 
262 
65 
99 

128 
27 
73 
37 
80 

110 
27 
24 

126 
27 

I 61 
3 584 

181 
373 
92 

61 
524 
90 
47 

389 
19 

295 
56 
59 

3 475 

61 
154 
339 
148 
65 

272 
1 637 
1 637 

olO 
265 

100 
932 
997 
220 
220 
179 
202 
327 
164 
51 

197 
211 
112 

I 970 
1 970 

248 
18 

312 
356 
82 

258 
256 
422 
230 
193 
34 
17 

2 259 
2 259 
I 621 

Noflfandy households 

Total 

773 365 

28 547 
S3 692 
32 364 
49 190 
12 189 
12 152 
87 389 
18 037 
72 596 
8 61 

34 494 
63 382 
51 678 
35 677 
47 364 
40 134 
6 149 

22 978 
8 940 

48 HI 
8 986 

I 288 
570 

. '87 
438 

389 
256 
90 
136 
9 
182 

238 
52 
80 

358 
90 

3 287 
7 548 

507 
I 189 

152 

293 
I 434 

434 
113 
820 
132 
825 
119 
166 

8 781 

238 
546 
571 
602 
142 

I 456 
4 I 
4 181 
I 148 
1 337 

29? 
2 066 
5 220 

535 
535 
448 
345 

1 737 
606 
151 

258 
455 
299 

6 598 
6 598 

653 
75 

698 
994 
235 

636 
833 

1 185 
923 
664 
113 
74 

6 236 
6 236 
2 085 

Total 

171 

22 666 
71 606 
26 746 
41 328 
10 406 
10 191 
75 440 
14 875 
59 931 
6 770 

28 277 
50 903 
43 434 
28 312 
41 879 
33 677 
5 329 

18 182 
7 193 

41 475 
7 551 

1 038 
454 
146 
371 

332 
197 
79 

107 
86 
162 

199 
39 
61 

280 
74 

2 836 
6 391 

415 
I 031 

143 

253 
I 200 

384 
90 

695 
121 
709 
98 
147 

7 955 

206 
475 
461 
467 
107 

I 225 
3 575 
3 575 

968 
1 084 

247 
1 741 
4 928 

414 
414 
373 
275 

I 432 
496 
115 

207 
374 
251 

5 675 
5 675 

507 
62 

582 
737 
185 

543 
678 
945 
731 
522 
97 
67 

5 338 
5 338 

65 VfOfl and owr 

Total 

27] 716 211 111 

9 598 
30 959 
9 309 
16 352 
5 510 
5 060 

30 077 
5 940 

22 921 
2 349 

11 589 
19 029 
19 373 
9 742 
27 121 
15 585 
2 579 
5 351 
2 768 

19 046 
3 478 

250 
209 
55 
97 

82 
69 
38 
26 
46 
81 

104 
17 
15 
81 
36 

I 357 
3 022 

186 
521 
97 

135 
400 
200 
48 

372 
56 

235 
44 
73 

3 958 

112 
193 
207 
81 
7 

118 
I 245 
I 245 
404 
404 

113 
919 

4 023 
181 
181 
167 
97 

425 
202 
34 

89 
157 
128 

2 490 
2 490 

169 
23 

213 
315 
82 

205 
207 
369 
248 
151 
52 
44 

2 855 
2 855 

937 

7 302 
24 491 
7 303 

12 633 
4 206 
3 961 

23 Oil 
4 586 
17 406 
1 842 

8 976 
14 955 
15 332 
7 749 

21 674 
12 133 
• 1 924 
4 165 
2 167 

14 963 
2 732 

185 
167 
35 
77 

65 
59 
28 
21 
33 
51 

87 
15 
15 
64 
28 

1 075 
2 201 

142 
421 
81 

H I 
280 
159 
34 

277 
37 
172 
38 
51 

3 084 

90 
129 
162 
61 
5 
94 

951 
951 
307 
314 

96 
729 

3 227 
129 
129 
130 
72 

356 
163 
29 

68 
104 
90 

I 993 
1 993 

128 
18 

169 
250 
57 

149 
154 
293 
198 
115 
40 
31 

2 274 
2 274 

738 

56 NEW JERSEY 

Household 

1 7 0 

2.56 
2.64 

1 2.79 
2.76 
2.44 
2.7? 
2.72 
2.87 
2.62 
2.76 

2.65 
2.71 
2.74 
2.78 
2.54 
2.85 
2.68 
2 67 
1 91 
2.71 
2.66 

2.86 
2.77 
2.94 
2.34 

2.21 
3 07 
2.55 
2.79 
2.82 
2.89 

2.62 
3.21 
2.68 
2.80 
2.75 
2.37 
2.30 

2.61 
2.54 
2.31 

2.16 
2.52 
2.16 
2.74 
2.91 
1.99 
2.52 
2.85 
2.31 
2 42 

2.22 
2.31 
3.06 
2.36 
3.21 
2.06 
2.55 
2.55 
2.69 
2.15 

2.59 
2.77 
2.09 
2 99 
2.9? 
2.91 
3.07 
2.54 
2 6 7 
3.00 

2.94 
2.78 
3.01 
2.42 
2.42 
2.74 
2.70 
2.81 
2.63 
2.77 

2.41 
2.57 
2.58 
2.22 
2.91 
2.40 
2.97 
2.65 
2.65 
2.72 

Parody 

3.21 

3.1 
3.1 
3.23 
3.28 
2.98 
3.24 
3.32 
3.30 
3.26 
3.1 

3.1 
3.1 
3.24 
3.21 
3.04 
3.33 
3.1 
3.1 
3.28 
3.1 
3.1 

3.27 
3.1 
3.2 
2 

2.69 
3.3 
3.1 
3.13 
3.18 
3.24 

3.03 
3.33 
3.23 
3.16 
3 16 
3.28 
3.13 

3 11 
3.17 
2.83 

2.68 
3.02 
2 94 
3.22 
3.29 
2.55 
3.08 
3.25 
2.81 
3.06 

2.78 
2.76 
3.42 
2.94 
3.46 
2.66 
3.13 
3.13 
3.13 
2.94 

3.09 
3.21 
2.50 
3.22 
3 22 
3 35 
3.42 
3.02 
3.07 
3.26 

3.42 
3.22 
3 33 
3.07 
3.07 
3.15 
3.11 
3.31 
3 15 
3.10 

3.02 
3.08 
3 10 
2.96 
3.23 
2.90 
3.28 
3.10 
3.10 
3.30 I 

P«nora in group quomn 

6 006 
9 150 

14 156 
8 891 
2 675 
6 598 

18 616 
4 I I I 
6 939 
3 338 

16 020 
23 669 
I I 174 
7 673 
6 351 

10 263 
1 529 
4 694 
' 725 
6 581 
1 20? 

253 

15 

90 
90 

6 
41 

525 
440 
440 

13 
I 053 

51 

428 
428 

13 
145 
126 

44 
349 

12 
10 
3 

303 
303 
654 

Total , 

171 l i t 92 tra 

3 014 
5 485 
7 068 
6 812 
1 83? 
6 047 
8 353 
1 712 
3 561 
3 260 

5 803 
7 926 
5 904 
4 164 
4 52? 
5 321 
I 337 
4 204 

3 884 
784 

13 
13 

S18 
402 
402 

I 007 
51 

164 
164 

I I 
97 

126 

286 
286 
625 

Omsrodr-
m B 

group 
quartan 

78 l 

2 992 
3 665 
7 088 
2 07? 

836 
551 

10 263 
2 39? 
3 378 

78 

10 217 
15 743 
5 270 
3 509 
1 822 
4 942 

192 
490 

a i 
2 697 

425 

142 129 13 
154 140 !4 
63 63 _ 36 - 36 

36 36 
191 91 -

36 36 
-

36 36 -

- - -
691 67? 12 

— — _ 522 28 494 
761 934 827 

- -
292 3 261 31 
24 - 24 

— - _ 115 115 _ 18 _ 
_ -

253 

15 

77 
77 

6 
41 

7 
38 
38 

13 
46 

264 
264 

2 
48 

234 
12 
10 
3 

17 
17 
79 

SUMMARY POPULATION AND HOUSING CHARACTERISTICS 
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MIDDLESEX SAMPLING PLANT 

LATITUDE 40:33:43 LONGITUDE 74:29:32 1980 POPULATION 

SECTOR 
KM 0.00- 0.4 0.4- 0.8 0.8- 1.6 1.6- 3.2 3.2- 4.8 4.8- 6.4 TOTALS 
SI 0 0 6259 22286 41381 35293 "~~105219 
RING 0 0 6259 22286 """"41381 35293 """105219 
TOTALS 



REFERENCE NO. 9 



MALCOLM PIRNIE, INC. PROJECT NOTES 

To: File Date: December 15,1993 

From: David Kahlenberg Project #: 8003-093 

Subject: Residential Population Threat Site Name: Middlesex Sampling Plant (MSP) 

The following residential properties are located on or within 200 feet of observed contamination from the MSP 
site: 

650 Harris Avenue: Ref. Nos. 20; 21; 23, pp. 3-38; 24, pp. 2-6, 3-10, 4-4, 6-16, 6-34 - 6-34A, 6-39, 6-45, 6-
49, A-8 - A-9, A-11 - A-13, A-19 - A-20; 25, pp. 138-152 

432 Williams Street: Ref. Nos. 20; 21; 23, pp. 49-60; 24, pp. 2-6, 3-11, 4-4, 6-17, 6-36, 6-41, 6-46, A14 -
A20; 25, pp. 122-137 

217 Mountain Avenue: Ref. Nos. 20 - 22, pp. 15-16, 46, 51, 62-63, 66, 80; 25, pp. 45-64, 26, pp. 39, 86; 27, 
pp. 44-51 

223 Mountain Avenue: Ref. Nos. 20 - 22, pp. 15-16, 46, 51, 66, 80; 25, pp. 27 - 44; 26, pp. 39, 86; 27, pp. 
26-35 

233 Mountain Avenue: Ref. Nos. 20 - 22, pp. 15-16, 46, 51, 62, 66, 80; 25, pp. 9 - 27; 26, pp. 39, 86; 27, pp. 

12-25 

312 Mountain Avenue: Ref. Nos. 20; 21; 24, pp. 3-2, 3-13, 3-19, 4-4, 6-38, 6-43, 6-48, A-22 - A23 

611 Williams Street (Parcel 17): Ref. Nos. 25, pp. 105-121; 26, pp. 88; 27, pp. 142-149 

203 Mountain Avenue (Parcel 6): Ref. Nos. 25, pp. 86-104; 26, pp. 39, 86; 27, pp. 61-69 

215 Mountain Avenue (Parcel 5): Ref. Nos. 25, pp. 65-85; 26, pp. 39, 86; 27, pp. 52-60 

The Middlesex County 1990 Census average number of persons per household of 2.71 was used to determine 
populations. 

According to reference 23, page 49, one person resides at 432 Williams Street. 

Residential Population = 8 x 2 . 7 1 = 21.68 
432 Williams Street Population = + 1 
Total Population = 22.68 or approximately 23 people 



Table 6. Household, Family, and Group Quarters Characteristics: 1990 
?or oerw-rnons of terms and meanmas or rvmooh). sat teitf 

State 
County 
Plan and (In Selected 
States] County 
Subdivision Al tout*.1 

Marnad. Mate, no 

rxestm fame> Total Total 

65 > 

PenoM in group guorrers 

COUNTY 
Artomx County 
3ergen County 
Burlington Counrv 
Camden County ____ 
Caoe Mov County 
Cumberland County „ 
Esssi Counrv 
Gloucester County . . 
Hudson Countv . . . . 

i County 

Mercer Counrv 
MiOcMesei Counrv . 
Monmoutn County. 
Moms County . . . ~~~ 
Ocean County 
Posso-t County ~~ 
Salem Counrv . . ~~ 
Somerset Counrv 
Sussts County _ . 
Union County . 
fVarren County . ~ 

P U a ANO COUNTY SUBDIVISION 
Aberdeen townsmo Monmoum County 
Absecon atv Ationnc County 
Aieianono townsmo Hunterdon Counrv 
A;lamucnv townsmo warren County _ 
iilamucnv-i'onfner vailev CDP. Warren 
County . . . . . . . 

Allendale Oorougn. Bergen County " 
Allentsurst oorouon. Monmoum County . 
Allemown oorouon. Monmoum County 
Aliowov COP. Salem County ™ 
Aliowov townsmo. Saltm Countv 

7 SSt t » 1 794 711 I 1 9J1 J44 1 571 703 33* 431 

Aloha borougn. Wotrtn Counrv 
Alpint oorouon. Bergen County "11 
Andovar oorouon. Sussex Counrv " 
Andovar townsmo. Sussex County 
Annandoit COP. HunrmJon County . . . 
Asburv Pot* atv. Monmoum County 
Atlantic Glv atv. Atlonne County 
Attorn* moWonos Oorouon, Monmoum 

Countv 
Atjdubon oorouon. Camden Countv 
Audubon Pott oorouon. Camatn Countv 

Avoson oorouon Coot May Countv 
Avtnat COP Middlesex County 
Avon4jv-me-Seo oorougn Monmoum County 
Someget CDP Ocean County 
3omegoi townsmo. Ocean County . . 
Sotntqar uqnt oorouon. Ocean County 
3amttpton oorouon. Camoen Counrv _ 
5ass River townsmo Bufiinaton County 
3ov Heod oorouon Ocean Countv 
3ovonne city Hudson County 

Seocn Haven oorouon Ocean Countv 
3eodi Haven West CDP Ocean Countv 
Seodiwood oorouon. Ocean Countv 
Beotrvesrown COP Warren County 
Beckett COP Gloucester Counrv '.l...'.. 
Bedmimttr townsnro. Somerset County 
9eUev*e CDP. Essex Counrv | 
Belltvint townsmo. Essex County . ] 

Selmor oorouon. Monmoum Counrv . . . . . 

9ervidtnj town Warren Countv 
Seroetmew oorouon. Serpen Countv 
Berkeley townsmo. Ocean Countv 
Berkeley Heignrs townsmo. Union County 
Berkeley Heiqnts COP. Union County 
Berlin borougn. Camden Countv . ._ 
3erfin townsmo. Camden County . . . . . . 
Bernards townsmo. Somerset County 
Bemorosviiie Oorouon. Somerset County 
3emlehem townsmo. Hunterdon Countv . . . . . 

Beverly city. Buriingron Counrv . . . . . . . . . . . 
Slackwood COP Camden County 
Blairsfown townsmo. warren Counrv 
Bloomfield COP fssei Countv _ ~ 
3loomhetd townsmo. Essex Counrv 
Sloonsngaoie oorouon. Possoic County 
3loomsburv oorougn. Hunterdon Counrv 
Bogota borougn Bergen County . . " 
Boonton town Moms Counrv . . . . . . . . 
Boonton townsmo. Morm Counrv . . . . . . . 

Bordtntown city Burlington Countv . 
Bardoiiluwu rownsnro. Burttngron Counrv 
Bound Brook borougn. Somerset Countv . . . 
Bradley Beoch oorougn. Monmoutn Counrv . 
3rondiburg townsmo. Somerset County . . . . 
Brgndtviwe borougn. Sussex Counrv 
Brass Costte CDP Worren Countv 
3nc» townsmo Ocean County . . . . . . . 
3nct townsmo CDP Ocean Counrv 
Sndgeton otv. Cumoenono Countv . 

2 728 
5 709 

759 
I 828 
1 335 
2 759 

2 530 
1 716 

700 
4 747 
I 074 

16 277 
36 225 

4 629 
9 705 
I 150 

1 809 
12 212 
2 141 
1 160 

12 120 
657 

6 774 
1 580 
I 226 

61 191 

1 460 
4 237 
9 324 
3 966 
3 815 
7 086 

34 123 
34 123 
12 6G3 
5 851 

2 663 
24 417 
36 794 
11 540 
I I 540 
5 672 
5 453 
16 146 
6 546 
3 104 

2 973 
5 101 
5 331 
44 633 
44 633 
7 530 
890 

7 311 
8 19) 
3 440 

4 297 
7 334 
9 475 
4 465 
10 885 

351 
I 419 

66 170 
06 170 
'8 288 

218 321 35 123 56 576 
816 230 308 880 1 225 188 
380 910 136 554 104 190 
493 933 178 758 129 568 
92 414 37 856 25 667 
131 455 47 118 34 966 
759 590 278 752 191 363 
225 971 78 845 60 808 
546 160 208 739 136 143 
104 438 37 906 29 295 
309 804 116 941 82 447 
648 I I I 233 833 175 451 
541 950 197 570 145 892 
413 680 148 751 113 074 
426 852 163 147 120 783 
442 797 155 269 115 135 
63 765 23 794 17 645 
235 585 38 346 65 368 
129 218 •U 456 35 516 
487 238 ICC C7i 131 2u0 
90 398 33 997 25 Oil 

16 896 5 905 4 617 
7 144 2 579 : »9 
3 531 ' 203 • 016 
3 448 i 471 ' 033 

1 232 
1 859 
298 
655 
473 
956 

967 
534 
261 

1 695 
390 

6 871 
15 731 

1 774 
3 622 
498 

338 
4 854 
989 
424 

4 163 
330 

1 688 
554 
530 

25 309 

459 
I 832 
3 047 
I 679 
1 I88 
3 447 
13 374 
13 374 
- 679 
2 718 

1 027 
8 799 
17 614 
3 860 
3 360 
1 950 
1 777 
6 345 
2 449 
I 033 

i on 
1 835 
1 773 
18 455 
18 455 
2 747 
330 

2 777 
3 121 
I 241 

1 784 
2 857 
3 675 
2 009 
3 744 
354 
477 

24 965 
24 965 I 
4 ?35 I 

343 
1 603 
238 
519 
382 
774 

729 
432 
181 

I 337 
300 

3 584 
8 183 

1 267 
2 433 
346 

545 
3 420 
555 
311 

3 343 
!93 

I 363 
J35 
264 

4 528 

421 
1 286 
2 476 
I 077 
I 046 
I 991 
9 193 
9 193 
3 53! 
I 381 

728 
6 733 
12 394 
3 325 
3 325 
1 502 
I 432 
4 608 
I 843 
382 

753 
I 380 
1 474 

11 857 
M 857 
2 094 
255 

2 079 
2 127 
I 006 

1 148 
2 024 
2 490 
1 086 
3 080 
241 
403 

IB 729 
IB 729 
4 640 

'41 202 
186 258 
85 741 
96 405 
20 592 
25 318 
124 659 
49 629 
90 508 
25 953 

62 715 
143 344 
120 609 
96 850 
102 028 
84 917 
13 780 
55 575 
30 810 
101 002 
20 807 

3 873 
1 659 
922 
904 

750 
I 439 
174 
427 
329 
664 

590 
442 
149 

I 162 
262 

I 662 
3 713 

I 021 
1 952 
237 

468 
2 719 
447 
248 

2 838 
173 

! 499 
361 
293 

M 956 

344 
1 090 
2 035 
880 
950 

1 654 
6 964 
6 964 
2 732 
I 009 

596 
5 462 

II 076 
3 017 
3 017 
I 26S 
I 151 
4 160 
I 617 
803 

510 
I 098 
I 328 
9 258 
9 258 
I 763 
227 

I 674 
1 665 
893 

809 
683 
913 
778 

2 799 
193 
374 

15 810 
15 810 
2 674 

1 

I I 647 
29 139 
14 015 
26 205 
3 882 
7 429 
53 401 
8 453 
34 343 
2 371 

15 448 
23 886 
19 442 
II 923 
14 443 
22 753 
3 017 
7 231 
3 379 
22 956 
3 090 

555 
262 I 
>5 

72 
128 
27 
73 
37 
80 

no 
27 
24 
126 
27 

I 611 
3 584 

131 
373 
92 

61 
524 
90 
47 
339 
19 
295 
56 
59 

3 475 

41 
54 
339 
143 
65 
272 

I 637 
I 637 
olO 
265 

100 
932 
997 
220 
220 
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L SEBRING MILlS WELL FIELD 
2. GREEN BROOK WELL FIELD 
3. ROCK A VENUE WELL 
4. CITY OF PLAINFIELD '\VELL 
5. BOARD OF EDUCATION WELL 
6. ROCK A VENUE WELL 
8. FIFIH STREET WELL 
9. EIGHTII STREET WELL 
10. CLINTON A VENUE WELL 
! I. MOUNTAIN STATION WELLS 
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HOW TO USE THIS ATLAS 

The Atlas contains reductions of a l l 1:24,000 National Wetlands Inven
t o r y maps. Maps appear i n a l p h a b e t i c a l o r d e r . Map names can be 
l o c a t e d on t h e index map ( F i g u r e 2 ) . Each map shows t h e 
c o n f i g u r a t i o n , l o c a t i o n and type of w e t l a n d s and deepwater h a b i t a t s 
found w i t h i n a given area. 

WETLAND LEGEND 

Wetland data are displayed on maps by a se r i e s of l e t t e r s and numbers 
(alpha-numerics). Mixing of classes and subclasses are represented by 
a diagonal l i n e . The more common symbols are shown below; less common 
symbols have been o m i t t e d f o r s i m p l i c i t y . For i d e n t i f y i n g these 
l a t t e r symbols, the reader should r e f e r to an a c t u a l NWI map legend. 

Examples of Alpha-numerics: 

E2EMN6 

E2FL 

PF01 

Estuarine (E), I n t e r t i d a l ( 2 ) , Emergent Wetland(EM), 
Regularly Flooded(N), O l i g o h a l i n e ( 6 ) 

Estuarine(E) , I n t e r t i d a l (2) , Flat(FL) 

P a l u s t r i n e ( P ) , Forested Wetland(FO), Broad-leaved 
Deciduous(l) 

PEM/OW 

PF0/SS1 

Palustrine(P) , Emergent Wetland/Open Water(EM/OW) 

P a l u s t r i n e ( P ) , Forested Wetland/Scrub-Shrub 
Wetland(FO/SS), Broad-leaved Deceduous(l) 

SYMBOLOGY 

Systems and Subsystems: 

M 1 = = Marine Subtidal R 3 = Riverine Upper Perennial 
M 2 = = Marine I n t e r t i d a l R 4 = Riverine I n t e r m i t t e n t 
E 1 = Estuarine Subtidal L 1 = Lacustrine Limnetic 
E 2 = = Estuarine I n t e r t i d a l L 2 = Lacustrine L i t t o r a l 
R 1 = = Riverine T i d a l P P a l u s t r i n e 
R 2 = = Riverine Lower Perennial U Upland 

Classes (subclasses and modifers designated where a p p r o p r i a t e ) : 

AB = Aquatic Bed 
BB = Beach/Bar 
EM = Emergent Wetland 

FL 
F01 
F02 
F04 
OW 
SSI 
SS3 
SS4 
SS5 
SS7 

EMN6 = Emergent Wetland, Regularly Flooded, O l i g o h a l i n e 
EMP6 = Emergent Wetland, I r r e g u l a r l y Flooded, O l i g o h a l i n e 
EMR = Emergent Wetland, Seasonally Flooded-Tidal 

= F l a t 
Forested Wetland, Broad-leaved Deciduous 
Forested Wetland, Needle-leaved Deciduous 
Forested Wetland, Needle-leaved Evergreen 

= Open Water/Unknown Bottom 
Scrub=Shrub Wetland, 
Scrub-Shrub Wetland, 
Scrub-Shrub Wetland, 
Scrub-Shrub Wetland, 
Scrub-S'hrub Wetland, 

Broad-leaved Deciduous 
Broad-leaved Evergreen 
Needle-leaved Evergreen 
Dead 
Evergreen 
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Department of Energy 
Oak Ridge Operat ions 

P.O. Box 2001 
Oak Ridge, Tennessee 37831 — 3 

March 2, 1992 

Ms. Helen Shannon 
Region I I Docket Coordinator 
U.S. Environmental Protection Agency 
26 Federal Plaza, Room .2930 
New York, New York 10278 

Dear Ms. Shannon: 

SUBMITTAL OF REVISED PRELIMINARY ASSESSMENT SCORESHEETS AND SITE INVESTIGATION 
REPORTS FOR THE MIDDLESEX SAMPLING PLANT (MSP) 

Please find enclosed the revised Preliminary Assessment (PA) Scoresheets and 
Site Investigation (SI) Reports for the MSP in New Jersey. 

The only information added to these reports is the inclusion of data 
indicating the presence of RCRA-regulated material in one of the two storage 
piles at MSP. This data was analyzed and evaluated after the submission of a 
PA/SI package to your office in August 1991. Also included in this revised 
package is information clarifying the presence of contamination above cleanup 
guidelines in an off-site drainage ditch. 

The additional data has been inserted as an addendum to the pertinent sections 
of the PA/SI package submitted in August 1991. An index to the pages that 
have been changed is attached. 

If you have any questions, please contact me at (615) 576-9634. 

Sincerel 

David G. Adler, Site Manager 
Former Sites Restoration Division 

Enclosure 

cc: S. D. Liedle, BNI 
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Department of Energy 
Oak Ridge Operat ions 

P.O. Box 2001 
Oak Ridge, Tennessee 37831 —o7 2? 

March 2, 1992 

Ms. Helen Shannon 
Region I I Docket Coordinator 
U.S. Environmental Protection Agency 
26 Federal Plaza, Room .2930 
New York, New York 10278 

Dear Ms. Shannon: 

SUBMITTAL OF REVISED PRELIMINARY ASSESSMENT SCORESHEETS AND SITE INVESTIGATION 
REPORTS FOR THE MIDDLESEX SAMPLING PLANT (MSP) 

Please find enclosed the revised Preliminary Assessment (PA) Scoresheets and 
Site Investigation (SI) Reports for the MSP in New Jersey. 

The only information added to these reports is the inclusion of data 
indicating the presence of RCRA-regulated material in one of the two storage 
piles at MSP. This data was analyzed and evaluated after the submission of a 
PA/SI package to your office in August 1991. Also included in this revised 
package is information clarifying the presence of contamination above cleanup 
guidelines in an off-site drainage ditch. 

The additional data has been inserted as an addendum to the pertinent sections 
of the PA/SI package submitted in August 1991. An index to the pages that 
have been changed is attached. 

If you have any questions, please contact me at (615) 576-9634. 

David G. Adler, Site Manager 
Former Sites Restoration Division 

Sincerel 

Enclosure 

cc: S. D. Liedle, BNI 
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Addendum 1: 

Addendum 2: 

Addendum 3: 

Addendum 4: 

Addendum 5: 

Addendum 6: 

Addendum 7: 

Addendum 8: 

Addendum 9: 

: TO SUPPLEMENTAL INFORMATION 

Hazardous Substances/Physical State 

Reference f o r the MSP C h a r a c t e r i z a t i o n 

Groundwater Route, Supplemental I n f o r m a t i o n on 
O f f - S i t e Contamination 

Surface Water Route, Supplemental I n f o r m a t i o n on 
O f f - S i t e Contamination 

I n f o r m a t i o n on Sediment Contamination 

I n f o r m a t i o n on Chemical C h a r a c t e r i z a t i o n 

Waste C h a r a c t e r i s t i c Score 

Reference f o r the MSP C h a r a c t e r i z a t i o n 

Surface Water Pathway, Supplemental I n f o r m a t i o n 
on O f f - S i t e Contamination 
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Bechtel 
Oak Ridge Corporate Center 
151 Lafayette Drive 
P.O. Box 350 

Oak Ridge, Tennessee 37831-0350 

Facsimile: (615)220-2100 

Job No. 14501, FUSRAP Project 
DOE Contract No. DE-AC05-91OR21949 

Code: 7440/WBS: 118 

AUG 2 6 1991 

U.S. Department of Energy 
DOE Field Office, Oak Ridge 
P.O. Box 2001 
Oak Ridge, TN 37831-8723 

Attention: David G. Adler, Site Manager 
Former Sites Restoration Division 

Subject: Transmittal of Site Inspection Reports and Preliminary 
Assessment Scoresheets for the Middlesex Sampling Plant 
(MSP) 

Dear Mr. Adler: 

Enclosed for your submittal to Ms. Helen Shannon, Region I I Docket 
Coordinator, U.S. Environmental Protection Agency, are the completed 
Site Inspection Reports and Preliminary Assessment Scoresheets for 
the Middlesex Sampling Plant. 

EPA recognized, as reflected in the instruction pages to both the PA 
Scoresheets and the Site Inspection Reports, that not a l l the 

' information requested would be available during the PA/SI process. 
As much information as possible was gathered in the time available, 
and where informed assumptions were made, the most conservative 
estimate was chosen. 

I certify that this document and a l l attachments were prepared under 
my direction or supervision in accordance with a system designed to 
assure that qualified personnel properly gather and evaluate the 
information submitted. To the best of my knowledge and belief the 
information submitted i s true, accurate, and complete. 

I f you have any questions, please contact me at 576-5207. 

Very truly yours, 

M. E. Redmon 
Project Manager - FUSRAP 

RKA:jlml403e 
Enclosure: Transmittal to EPA, Program Support Branch 

Concurrence: R. K. Atwood @ W. Osburn, Analysas 
T. C. Adler T c A J. s. Novick 

^SS^ Bechtel National, Inc. >J 
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Department of Energy 

Oak Ridge Operations 
P.O. Box 2001 

Oak Ridge, Tennessee 37831 — 

Ms. Helen Shannon 
Region I I Docket Coordinator 
II. S. Environmental Protection Agency 
26 Federal Plaza, Room 2930 
New York, New York 10278 

Dear Ms. Shannon: 

SUBMITTAL OF COMPLETED SITE INVESTIGATION REPORTS AND PRELIMINARY ASSESSMENT 
SCORESHEETS FOR THE MIDDLESEX SAMPLING PLANT (MSP) 

Please find enclosed the Site Investigation (SI) Reports and Preliminary 
Assessment (PA) Scoresheets for the MSP site in New Jersey. 

EPA recognized, as reflected in the instruction pages to both the PA Scoresheets 
and the Site Inspection Reports, that not all the information recuested would be 
available during the PA/SI process. As much information as possible was gathered 
in the time available, and where informed assumptions were made, the most 
conservative estimate was chosen. 

These reports have been completed on the forms provided by your office. If you 
have any questions, please contact me, at (615) 576-9634 or (FTS) 626-9634. 

Sincerely, 

David G. Adler, Site Manager 
Former Sites Restoration Division 

Enclosure 
cc: M. E. Redmon, BNI 
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SITE SUMMARY AND RECOMMENDATION 

Site History 

MSP is part of the Formerly Utilized Sites Remedial Action 
Program (FUSRAP), a DOE program to decontaminate or otherwise 
control sites where residual radioactive materials remain from 
the early years of the nation 1s atomic energy program or from 
commercial operations causing conditions that congress has 
authorized DOE to remedy. 

The Middlesex Sampling Plant f a c i l i t y was established in 
1943 by the Manhattan Engineer District (MED) to sample, store, 
and/or ship uranium, thorium, and beryllium ores. In 1955, the 
Atomic Energy Commission (AEC), successor to MED, terminated the 
operation and later used the site for storage and limited 
sampling of thorium residues. In 1967, AEC activities ceased, 
onsite structures were decontaminated, and the site was certified 
for unrestricted use under criteria applicable at that time. 

Between 1968 and 1980, the site changed hands, f i r s t to the 
General Services Administration, and then to the Department of 
the Navy for use as a U.S. Marine Corps reserve training center. 
In 1980, custody of MSP was returned to DOE, which then initiated 
remedial action to clean up vicinity properties. The Middlesex 
Municipal Landfill (MML), a vicinity property established in the 
mid-19401s, began to receive soil contaminated with pitchblende 
(high-grade uranium ore) in 1948, which resulted in contaminated 
soil being placed over existing f i l l at MML. By 1974, solid 
waste disposal ceased at MML. Early radiological surveys 
indicated that 0.2 ha (0.5 acre) of MML required remediation; in 
1984, approximately 12,000 m3 (16,000 yd3) of contaminated soil 
was returned to MSP for interim storage. Later investigations 
showed the contaminated area to be 1.2 ha (3.0 acres). By 1986, 
remediation at MML was essentially complete; 23,900 m3 (31,200 
yd ) of contaminated soil was returned to MSP for interim 
storage. In 1987, MML was turned over to the Borough of 
Middlesex. 

Site Description 

MSP occupies approximately 3.9 ha (9.6 acres) in north-
central New Jersey within the Borough of Middlesex (Middlesex 
County) (Figure 1-1). The MSP property includes four buildings 
and two storage piles that total 50,748 m3 (66,372 yd3) of waste 
(Figure 1-2). More than 70 percent of the MSP site i s paved with 
asphalt. The site, currently being used for interim storage of 
radioactively contaminated soil, i s entirely fenced and public 
access i s restricted. Figure 1-3 i s an aerial photograph of the 
site. 
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Recommendation 

MSP i s currently subject to an environmental monitoring 
program. Ground water, surface water and sediments, air 
monitoring (radon) , and soil samples are monitored to detect the 
presence of any contaminants migrating off-site. 

Environmental monitoring activities, site maintenance 
activities, and site characterization should continue until 
remedial action at MSP i s complete. 

7 
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Figure 1-1 Location of MSP 
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PART I: SITE INFORMATION 

1. Site Name/Alias M i d d l e s , R a t 1 , ^ i p l a n t 

S t r « « 239 Mountain Avennp 

City Middlespv 

08 05 2 8 

State NJ 
2. 

3 

4. 

5. 

C. 

Countv Middlesex 
County Code 2 3 

EPA 10No. NJ Oflgnnonrm 

•lock No. 

Zip 08846 

Cong. put. 

Lot No. 

34-N latitude — 4 0 
1 s - i - Longitude 7 4 ? Q . M 

U S G S Qw,d- Plainfiel^. T | M | 1 ^ 

< W Dept. nf m . T ~ r ~ , , , ^ 
No. 

Street P . O . Rnv ? n m 

City Oak R i d a e 

t i o n s 
(615) S7fi-no/. 0 

State TN 
Operator DOE 

Street 

City _ 

Zip 3 7831 

Tel. No. 

State 

Type of Ownership 

• Private S Federal 

• County • Municipal 

Owner/Operator Notification on File 

• RCRA3001 D l t e 

IX! None 

• State 

• Unknown • Other 

• CERCLA 103c Date 
• Unknown 

10. Permit Information 

Permit Permit No. Date Issued Expiration Oate Comments 

11. Site Status . 

C A « i v e D Inactive 

1 2 . Yaars of Operation 1 9 4 1 

• Unknown 

to 196 7 
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Identify the types of waste sources (e.g., landfill, surface impoundment. pRe?.§f3'Je§ soi 
above* or eelow.ground tanks or containers, land treatment, etc.) on site. Initiate as man 
waste unit numoers as needed to identify all waste sources on site. 

(a) Waste Sources 

Waste Unit No. Waste Source Type Facility Name for Unit 
1 Contaminated S o i l P i l e V i c i n i t y Property Waste 

2 Contaminated S o i l P i l e Middlesex Municipal Lane 
etc. - ^ - ^ ^ ^ Z Z ^ ^ Z Z ^ I ^ I (MML) Waste P i l e 

(b) Other Areas of Concern 

Identify any miscellaneous spills, dumping, etc. on site; describe the materials and identic 
their locations on site. 

Information available from 

Contact ArnvBrochu Agency U.S. EPA Tel. No. (201)9C6-63:: 

Preparer ; Agency NUS Cera Beoter 2 F'T Date 



PART II: WASTE SOURCE INFORMATION 
08 05 2 8 

For .ach of the waste units identified in Part I, complete the following items. 

- • (Facility Name for Unit) 
1 Vic 

Source Type 

Waste Unit ffye ) 

1 V i c i n i t y Property Waste Pile 

landfill „ _ # ., 
_ _ _ _ Contaminated Soil 

Surface Impoundment x W | t 

Drums ' . 
_ _ _ _ _ Land Treatment 

Tanks/Containers 0 t n e p 

1981. Contaminated s o ^ f rom r t i ' W l t h , t h f c l " " « P c o n t i n u i n g i n 
to MSP where an asphal t n f r i 1 r emedia l a c t i o n was t r ansoor t e , 
i n t e r i m s to ra S l e Th! J c o n s t r u c t e d as a base f o r an' 
to prevent m i g r a t i o n * o f J h e ^ o r i d e n f i o S e ? W l t h concrete cu rb ing 
f a b r i c i s a t tached o h U r , r n a l S : S y n t h e t i c geomembL 
The design o f the i n t e r i m I t n ^ n l c o Y e r * h e s to red m a t e r i a l s , 
system t o preclude ?he inVSn? ?? 5 " e l u d e s a leachate c o l l e c t 
Hazardous Wast. Quanity u n c o n t r o l l e d re lease o f contaminants . 

Approximately 26,848 m

5 (35 17, , _ . , 
into the p i l e . ^ , 1 7 2 yd ) of material was placed 

Hazardous Substances/Phyjical State 

Ref. No. ^ 

" Ca?fnda S r X Ye S ar P i99? A n n u a l

M

E n v i r o n m e n t a l Report f o r 
naar Year 1990, Middlesex , New Jersey (BNI , June 1991; 

~ M i d d i e i e x r y N ^ w S T S S m e n t , f ° r M i d d l e s e x Sampling P l a n t , maa i e sex , New Jersey (BNI , J u l y 1989) . 

13 
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08 0 5 2 
for , . c h Cf th. w.,t. u n i t J i d t n t i f ; , d , f f f u ^ f e j j e w . n g . ^ 

Wast. Unit ( N o i 
— L-—* (Facility Namg for Unit) 

Middlesex Municipal L a n d f i l l (MMT 
Source Typt Waste P i l e 1 1 1 1 ( M M L 

landfill 
______ Contaminated Soil 

Surface Impoundment — - « ! • 
Drums 

_ _ _ _ _ land Treatment 
Tanks/containert 

Description: MML 

to receive c o n t a m i n a t e d " L i ^ n ^ L * 3 ^ 1 1 ^ i n t n e bega 
s o i l being placed over exi«ii2 ' W h l ° h r e s u l t e d i n coniam!na 
disposal ceased at MML. ^ r ^ r f d l o i " • B y 1 9 7 4 ' ! 
required remediation and r a d l°l°9 1oal surveys indicated MML 
interim storace in i 9 t f C O n * a m i n a t e d s o i l was returned to MSP fc 
contamination and bv 198*5 , investigations showed additional 
^e MML Waste PiL U I ' r S n , e d l a t l o n at- MML was essentially nL 

(No. 1) and Lclude 0s n" rL Cach to the V i c ^ n i ^ L c ^ 
H.r.rdous wiste Quantity leachate c o l l e c t i o n system. * P 

The MML Waste Pilp 
- o f contaminated materTa^" 3 a p P r o x i m a t e l y 23,900mJ (31,200 y d

J ) 

Hazardous Substanee,/Phy,ical Stat. 
The p i l e contains 
M g h - , r . d . u r a n i u m ' r e ^ l n ' 1 ^ 1 ? " ^ ™ ^ " " h P^chblende. , 
thorium-232 have been detected? " a m u m , radium-226. and 

R.f. No. __Midd1 a 

calendar Ji™ ^5o, Middlesex' ' S i / ? " " * 1 ^ " " - " t . ! Report f o r 
Preliminary 4sse«»... ! ' Jersey, BNI, June 1991) 
New Jersey! TmT.Tuly tlWF*1™* 



PART III: SAMPLING RESL- . S 

EXISTING ANALYTICAL DATA 

SITE INSPECTION RESULTS 

08 0 5 2 8 

SEE ATTACHED TEXT LABELED "PART I I I : SAMPLING RESULTS" 



ADDENDUM 1 

Hazardous Substances/Physical State 

The p i l e contains p r i m a r i l y s o i l contaminated w i t h pitchblende, a 
high-grade uranium ore. I n addition t o uranium, radium-226, and 
thorium-232 have been detected. 

In December 1991, a characterization report f o r the p i l e s at MSP 
was published. As part of the chemical characterization of the 
s i t e , s o i l samples were tested using the T o x i c i t y Characteristic 
Leaching Procedure (TCLP). Analysis indicates t h a t the MML p i l e 
contains lead i n concentrations exceeding the TC regulatory 
guidelines. 

Reference: Characterization Report f o r the Interim Storage 
Piles at the Middlesex Sampling Plant, Middlesex, New Jersey, 
DOE/OR/21949-297, December 1991. 

(NOTE: This report s h a l l be c i t e d MSP Characterization, 
December 1991. This report was transmitted t o the New Jersey 
Department of Environmental Protection and Energy, and i s available 
upon request.) 
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PART I I I : SAMPLING iULTS 

EXISTING ANALYTICAL DATA 
SITE INSPECTION RESULTS 

The following l i s t of references contains sampling results 
and analytical data in various forms. 

(1) Middlesex Sampling Plant Annual Environmental Report 
for Calendar Year 1990. Bechtel National, Inc. (BNI), June 1991, 
DOE/OR/21949-285 (Draft). 

A great deal of environmental monitoring data exists in the 
form of these Annual Environmental Reports. These reports have 
been provided to EPA on an yearly basis. 

(2) Preliminary Assessment and Site Inspection for 
Middlesex Sampling Plant, Middlesex, New Jersey. BNI, July 1989, 
Prepared for Department of Energy, Oak Ridge Operations. 

(3) Hazard Ranking System Scoring for Middlesex Sampling 
Plant, Middlesex, New Jersey, BNI, July 1989, Prepared for 
Department of Energy, Oak Ridge Operations. 

A l l of these published documents contain information that 
provides background and summaries of analytical data that w i l l 
support t h i s Site Inspection Report. The Annual Environmental 
Monitoring Reports in particular w i l l provide the rationale for 
the determination of whether there has been a release from the 
f a c i l i t y , information on surface and ground flow, as well as 
information about the environmental monitoring program. 



ADDENDUM 2 

The MSP Characterization, December 1991, should be refered to 
for information on levels of chemical contamination i n the storage 
p i l e s . 



5. 

7. 

•crnre-t-o-* 
GROUNDWATER ROUTE 0 8 0 5 2 £ 

Describe the likelihood of a relei,. „, 
observed release, suspected c°"tam,nant(s) to the groundwater 
*nd prov.de a r.t.on.1.^ o r n 0 n e - '«'™fy cont.min.nti de t« .J J . • 
• - " • * n . . „ ^ to the „te. , 0 r observed ^ . " S t 

Ref. No. i n s e r t M s p 2 

composition * m r m l Y . C O n e , r n ; '"dude information such at i. 

Ref. No. insert MSP 2 

Ref. No. Insert MSP 3 

Ref. No. Insert MSP 4 

What is the permeability value of th- u 

between the ground ,u r f ,c . and t h e 7 q u i f X u Z Z T * , ' n , t r ™ i " « « ™ " 

Ref. No T 

Insert MSP 5 

What is the net precipitation for the ,r.a? 

Net precipitation i s W o i * • . 
Ref No inches/year 

^ S i f — - - - » — t h. t i f eur,.ntly „,„ „, , r i n l j n s 

* « f " ° - Insert MSP 7 

4. 
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If a release to groundwater is ooserved or suspected, determine the nunbey pf pp^og'e thi 
obtain drinking water from weiis that are documented or suspected to be Tocateo wur.m tr. 
contamination boundary of the release. 

Ref. No. I n s e r t MSP 8 

Identify the population served by wells located within 4 miles of the site that draw from th 
aquifer of concern. 

Distance 

O - i m 

> T - 1 m 

>1 -2 m 

>2>3mi 

>3-4 m 

Population 

I n s e r t MSP 9 

Ref. No. 

10. Identify uses of groundwater within 4 miles of the site (i.e. private drinking source, municici 
source, commercial, irrigation, unuseable). 

Ref. No. i n s e r t MSP 10 

SURFACE WATER ROUTE 

11. Describe the likelihood of a release of contamir.ant(s) to surface water as follows: observe: 
release, suspected release, or none. Identify contaminants detected or suspected and providi 
a rationale for attributing them to the site. For observed release, define the supporting 
analytical evidence. 

Ref. No. I n s e r t MSP 11 

12. Identify the nearest downslope surface water. If possible, include a description of possibii 
surface drainage patterns from the site. 

Ref. No. I n s e r t MSP 12 

3P 
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PART IV: HAZARD ASSESSMENT 

GROUNDWATER ROUTE 

Insert MSP l . 

Analysis of the groundwater occuring under MSP shows that 
groundwater in several wells contains concentrations of 
radionuclides significantly above background. Background, measured 
at the Middlesex Municipal Landfill, 0.5 mi northwest of the s i t e , 
averages 3.2xl0"9 ci/1 for uranium and 0.3xl0*6 Ci/1 for radium-
226. Groundwater in seven of eighteen wells had average 
concentrations of uranium that were greater than two times 
background levels. Six wells contained groundwater with radium-
226 levels -hat were greater than two times background (BNI, 
1991a). . The entry of surface water into monitoring wells i s 
believed to be introducing contamination to groundwater at MSP. 
This condition has been reported in BNI (1991b) and i s presently 
being corrected. 

References: 

Bechtel National, Inc. (1991a). Middlesex Sampling Plant Annual 
Environmental Report for Calendar Year 1990. DOE/OR/21949-285, 
Draft, Oak Ridge, TN. 

Bechtel National, Inc. (1991b). Results of New Jersey Sites 
Monitoring Well Inspection. Draft Internal Report, Oak Ridge, TN. 



ADDENDUM 3 

GROUNDWATER ROUTE 

Inser t MSP 1. 

Analysis of groundwater data from o f f - s i t e wells indicates 
elevated levels of contaminants. Groundwater exceeds the New 
Jersey Department of Environmental Protection and Energy (NJDEPE) 
standards i n calendar year 1990 f o r chromium, radium-22 6, and 
trichloroethane. See MSP Annual Environmental Report f o r Calendar 
Year 1990. 
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Insert MSP 2 

Describe the aquifer of concern; include information such as 
depth, thickness, geologic composition, areas of karst terrain, 
permeability, overlying strata, confining layers, 
interconnections, discontinuities, depth to water table, 
groundwater flow direction? 

The uppermost aquifer of concern at MSP i s the Brunswick Shale. 
The Brunswick Shale was the uppermost bedrock unit that was 
encountered during d r i l l i n g a c t i v i t i e s at MSP. At MSP, the 
Brunswick Formation i s a red shale with interbedded siltstone and 
occasional layers of sandstone. The unit i s rela t i v e l y 
impermeable except along numerous fractures and cracks that occur 
at high angles to bedding, and do not show any preferred 
orientation. There i s no indication that zones of fracturing and 
f i s s i l i t y are pervasive, open fractures capable of transmitting 
water away from the site, however two boreholes did have zones of 
highly f i s s i l e shale in them. The depth to the Brunswick 
Formation at MSP ranges from 0.45 to 2.4 m (1.5 to 8.0 f t ) . 
Material overlying the Brunswick Shale consists of unconsolidated 
s i l t y to sandy loams with poor to moderate drainage and low to 
moderate permeability. A 0.3 m (1 ft) thick zone of weathered 
bedrock directly overlies the unit (FBDU, 1979, BNI, 1989). The 
thickness of the Brunswick Shale underlying NBL also i s not know, 
however, regionally the unit may be greater than 1524 m (5000 ft) 
in thickness (Geraghty and Miller, 1976). 

Regionally, the Brunswick Formation i s an important source of 
ground water supplying water for both industrial and drinking 
water purposes. Ground water occurs in fractures and cracks. 
The specific yield of the Brunswick Shale i s relatively low 
compared to other ground water bearing units in the area. 
Specific yield decreases with depth corresponding to a decrease 
in the occurrence of fractures. The thickness of the water
bearing zone of the Brunswick Shale i s only 12.2 to 13.7 m (40 to 
45 ft) thick (MCPB, 1979). At MSP, the depth to ground water in 
the Brunswick Shale ranges from 2.4 to 9.1 m (8 to 30 f t ) . 
Ground water moves towards the center of the s i t e with flow from 
the southern end of the si t e draining to the north, and flow from 
the northern end of the s i t e draining to the south (BNI, 1991). 
Transmissivity values have been measured in slug tests at MSP. 
Values range from 0.86 to 1.4 m2/day (69 to 115 gpd/ft) (Weston, 
1980). A figure showing the configuration of the water table in 
the bedrock aquifer i s attached. 

Although no confining layers were encountered during the 
subsurface investigation of MSP, a zone of ground water occurs in 
the unconsolidated overburden. I t i s not known to what extent 
ground water in the unconsolidated sediments and in the Brunswick 
Formation are interconnected, however, differences between the 
hydraulic characteristics of each unit suggests that the two 
units are not connected. The water table in the unconsolidated 
sediments occurs from 0.6 to 3.0 m (2 to 10 ft) which i s closer 
to the surface than in the bedrock aquifer. Ground water flow in 
the upper unit i s to the southwest (BNI, 1990). Transmissivity 
values, measured by slug tests in the upper unit are reported to • 
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be 0.087 to 0.27 m2/day (7 to 22 gpd/ft) which i s slightly lower 
than in the Brunswick Shale. Both units reported have low ground 
water flow velocities (Weston, 1980). Ground water in the 
unconsolidated sediments i s not used for drinking water. A 
figure showing the configuration of the water table in the 
unconsolidated sediments i s attached. 

References 

Middlesex County Planning Board (MCPB)(1979). Policies and 
Practices for Managing Middlesex County's Groundwater 
Resources. New Brunswick, NJ 

Bechtel National, Inc. (BNI)(1989). Site Inspection for 
Middlesex Sampling Plant. Oak Ridge, TN 

Geraghty and Miller, Inc. (1976). Lower Raritan/Middlesex 
Countv 2 08 Water Quality Management Planning Program? Task 8 
Groundwater Analysis. Port Washington, NY 

Ford, Bacon and Davis Utah, Inc. (FBDU)(1979). Environmental 
Analysis of the Former Middlesex Sampling Plant and 
Associated Properties. Salt Lake City, UT 

Bechtel National, Inc. (1991). Middlesex Sampling Plant 
Annual Site Environmental Report for Calendar Year 1990. 
DOE/OR/21949-285 (Draft). Oak Ridge, TN 

Roy F. Weston, Inc. (1980). Hydrogeology of the Former 
Middlesex Sampling Plant Site. Middlesex. New Jersey. West 
Chester, PA 
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Insert MSP 3. 

There are no well head protection areas in Middlesex County. 
One inactive public well field, the Sebrings Mill Well Field, is 
located 2 km (1.25 mi) northwest of Middlesex Sampling Plant. 
Sebrings Mill Well Field i s owned by the Elizabethtown Water 
Company. I t was closed due to the presence of VOC contamination 
in groundwater. 

Reference: 

Elizabethtown Water Company, Mr. Sedowski, Personal -mmunication 
with Jon Novick, FUSRAP, 8-15-91. 
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Insert MSP 4. 

The highest recorded levels in 1990 for ground water in the 
Brunswick Shale aquifer under the MSP piles occurred in well MSP 
4A. The water level was 46.25 feet above mean sea level (BNI, 
1991). This corresponds to an elevation that i s approximately 4 
feet below the lowest elevation of the ground surface prior to 
construction of the storage piles at MSP. 

Reference: Bechtel National, Inc. (1991). Middlesex Sampling 
Plant Annual Site Environmental Report for Calendar Year 1990. 
DOE/OR/21949-285 (Draft). Oak Ridge, TN. 
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Insert MSP 5. 

The least permeable unit between the aquifer and the ground 
surface i s the weathered bedrock zone. Transmissivities in this 
unit ranged from 0.087 to 0.27 m2/day (7 to 22 gpd/ft) as measured 
in slug tests (Weston 1980). 

Reference: Roy F Weston, Inc. (1980). Hydrogeology of the Former 
Middlesex Sampling Plant Site, Middlesex, New Jersey. West 
Chester, PA. 
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Insert MSP 7. 

Sebrings Mill Well Field, an inactive well field i s located 
about 1 1/4 mile northwest of MSP. Sebrings Mill Well Field i s a 
municipal well field that i s owned by the Elizabethtown Water 
Company. The well field i s reportedly no longer used due to the 
presence of organic contamination in groundwater. I t i s not 
expected to be used as a source of groundwater in the future. 
There are no other wells that are known to be used for drinking 
water in the area. 

Reference: Elizabethtown Water Company, Mr. Sedowski, Personal 
Communication with John Novick, FUSRAP, 8-15-91. 
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INSERT 8 

Middlesex Municipal Water Company estimates that 80% of the 
population in the Middlesex area obtains drinking water from public 
water supplies. Calculations determining the number of people who 
obtain drinking water from groundwater are presented in "INSERT D" 
of the Preliminary Assessment for MSP. 

Reference: Middlesex Water Company, Mr. Sedowski, Personnal 
Communication with Jon Novick, FUSRAP, 8-15-91. 
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Insert MSP 9. 

A well canvas conducted in 1988 revealed there to be 74 
privately owned wells within 3 miles of MSP. Data on wells located 
between 3 and 4 miles from the site i s not presently available. 
Although information on the aquifers from which these wells draw 
water i s not known, the intervals from which water i s obtained 
range from 19 to 520 feet which implies that some, i f not a l l of 
the wells obtain water from the Brunswick Shale aquifer. The 
locations of wells relative to MSP and the population using each 
well i s not presently available. The Middlesex Municipal Water 
Company estimates that 20% of the population in the Middlesex area 
get their drinking water from groundwater. Calculations showing 
the total number of people in the Middlesex area, and the number 
obtaining drinking water from groundwater are presented in "INSERT 
D" of the Preliminary Assessment for MSP. 

Reference: Classification of Ground Water Resources for Site Areas 
in the Formerly Utilized Sites Remedial Action Program, (BNI, 
Draft, 1989). 

Middlesex Water Company, Mr. Sedowski, Personnal Communication to 
Jon Novick, 8-15-91. 
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Insert MSP 10. 

A well canvas conducted in 1988 revealed there to be 74 
privately owned wells within 3 miles of MSP. Data on wells located 
between 3 and 4 miles from the site i s not presently available. 
The results of the canvas revealed that 69 of the wells are used 
for domestic purposes, 3 are used for industrial purposes, 1 i s 
used by a car wash, and 1 i s used by a church. None of the 
privately owned wells are listed for use as drinking water, however 
a conservative approach would assume that domestic wells are used 
for drinking water. I f each household i s assumed to have 4 
residents, than a total of 276 people must be assumed to recieve 
drinking water from these wells. 

The inactive Sebrings Mill Well Field (Well Field) i s located 
1 1/4 miles northwest of the MSP, and i s owned by the Elizabethtown 
Water Company. Because of organic contamination of the Well Field, 
i t i s not likely to be used as a source of drinking water in the 
future. 

Reference: Classification of Ground Water Resources for Site Areas 
in the Formerly Utilized Sites Remedial Action Program, (BNI, Draft 
1989). 

33 
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INSERT MSP 11 

Sampling has been conducted quarterly since 1982 to monitor 
the movement of uranium and radium-226 from MSP in surface water. 
Average uranium and radium-226 concentrations in the drainage ditch 
to the south of MSP are consistently higher than the background 
levels. The average annual concentration of uranium in surface 
water at the site outfall ranges from 34 to 103 pCi/1 during the 
years 1982 through 1990. During that same period, the average 
annual concentrations of radium-226 in surface water ranged from 
1.7 to 3.8 pCi/1. The background concentrations ranged from 3 to 
5 pCi/1 for uranium and from 0.1 to 1.2 pCi/1 for radium-226. 
Average concentrations of uranium and radium-226 in surface water 
decrease with distance downstream from the site. Surface water 
samples were collected at the confluence of the drainage ditch and 
Ambrose Brook approximately 0.25 mi downstream of MSP. Samples 
collected at this location between 1987 and 1990 yielded average 
concentrations of uranium from 3 to 5 pCi/1 and 0.3 to 0.7 pCi/1 
for radium-226 (BNI, 1991). 

Sediment samples also have been collected from the drainage 
ditch. Sampling has been conducted at the same locations as 
surface water samples. Between 1986 and 1990, average annual 
concentrations of uranium in sediments at the MSP outfall ranged 
from 7.1 to 20.0 pCi/g. During the same period, average annual 
concentration ranged from 6.0 to 12.8 pCi/g for radium-226. 
Background concentrations ranged from 0.7 to 7.8 pCi/g for uranium 
and from 0.7 to 2.0 pCi/g for radium-226.- Average annual 
concentrations of uranium and radium-226 in sediments were elevated 
above background levels in a l l downstream sediment sampling 
locations (BNI, 1991). 

Prior to the f a l l of 1990, information on the method of 
contaminant transport off-site in surface water did not exist. 
Begining in f a l l of 1990, both filtered and unfiltered surface 
water samples were collected. Data from analyses of these samples 
are s t i l l preliminary, however, persistently high levels of 
contaminants in sediments, and the low solubility of uranium and 
radium-226 in water would suggest that radioisotopes are not being 
transported off-site in the dissolved phase. More likely, 
transport of contaminants is occuring through particulate movement, 
or by chealation or complexation with naturally occuring organic 
material. 

Reference: 

Bechtel National, Inc. (1991). Middlesex Sampling Plant Annual 
Environmental Report for Calendar Year 1990. DOE/OR/21949-285, 
Draft, Oak Ride, TN. 



ADDENDUM 4 

SURFACE WATER ROUTE 

Inser t MSP 11. 

Attached as supplemental information are two drawings which 
show levels of contamination i n the drainage d i t c h south of the 
MSP. The f i r s t drawing i s labeled Figure 1 Sampling Results from 
Plant O u t f a l l which represents contaminant levels from sampling 
locations at the o u t f a l l and extending 125 feet down the drainage 
d i t c h . The second drawing i s labeled Sampling Results Beyond Plant 
O u t f a l l , and represents contaminant levels from 150 feet beyond the 
o u t f a l l t o the confluence with the Ambrose Brook. 
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. SEDIMENT SAMPLING POINTS BELOW GUIDELINES 
* SEDIMENT SAMPLING POINTS ABOVE GUIDELINES 

ALL RESULTS IN pCi/g 

U = URANIUM-238 
R = RADIUM-226 
T = THORIUM-232 

SAMPLING RESULTS BEYOND PLANT OUTFALL 

T 2J T 3.6 T U T 2-« * 

PLANT OUTFALL 

U 151. R 56, T 0.5 

g 5.S. R 6.0, T 6.» 

U 7 .1 . R I S . T .76 

U 33. R 7.9. T 2.6 

U 14.3. ft 2.2, T .88 

U 7 J . R 1.5. T 1.1 

U 6.8, R 1.6. T 1.1 

U 3 2 J , R 7 i , T 1 3 

U 13.1. R 2-2. T 1.4 

U 43.3 
R 8.5 
T 3 J 

U 8.3 
U t .7 » 3.1 

»»»•' ?M "•* 
o « • I 2.B 



— "net is the distance to the n « , . „ - - ^ - H i r t m r 

course that runoff can * < J Z V ? c 7 o T * Measure the d„tanc, „ e n c 

08 05 2e' 
Ref. No 

-nsert MSP 13 

u - Determine the fioodoiain th.f • 
oopia.n that the s»te «s iocated within. 

Ref. No. T „ „ 

-nsert MSP 14 

»• VVh«i'th.2.year24.hoUrr.inf.„? 

Approximately 1 ,• - L. 
Techni , M l d d l " « County. 

" c h intake identify thT ! ; M * ? w a t e r s w i t n i n « miles downs-ream ^ 

Intake n -

Population S T v r i H o w ^ 

Ref. No, i n s e r t M s p l g 

17. Identify fi,henes that eiist within 1 c •. 
For «.cn f , - , h t f y , p t c i # y t n e f o l . ! ^ ^ 0 1 t h * P ° " " " water entry. 

Informat i^Pto i d e n T ? ? ' ' e d y T m F'ow(cfs) 

tnvirenwM w 

No rare or en da Y Y P £ Flowfrt) 

K . ^ Mitsi% :̂9l»"?««eo?*t£.f tit™ °r f a u n a a r e to 

""""""•"antoundlry of t h t , ° ' ' " " , h " "« " b« locittd within tftt 

Intake rthmn. 
Cnvironm»wt 

Ref. No. Insert MSP 19 
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.NO 

SOIL EXPOSURE PATHWAY 

20. Determine the number of people that occupy 
within 200 fee: of the site property. 

No schools or day care centers and 
property. Three homes are located 

Ref. No. 

0 8 05 2 80788 1 6 

residences or attend school or day care on or 

located w i t h i n 200 f t of the s: 
near MSP. These residences to: 
an estimated 15 people. 

21. Determine the number of people that work on or within 200 feet of the site property. 
A salvage yard ^estimated 10 employees) and a machine shop (estim; 
5 employees) border the MSP fenceline. Including s i t e workers, a: 

Ref. No. estimated t o t a l of 20 people wor: 
"within 200 feet of the s i t e prop< 

22. Identify terrestrial sensitive environments on or within 200 feet of the site property. 

Ref. No. Insert MSP 2 2 

AIR ROUTE 

23. Describe the likelihood of release of contaminants to air as follows: observed release, 
suspected release, or none. Identify contaminants detected or suspected and provide a 
rationale for attributing them to the site. For observed release define the supporting 
analytical evidence. 

Ref. No. I n s e r t MSP 23 

24. Determine populations that reside within 4 miles of the site. 

Distance Population 

0 - i m i 

>i- T mi 

>•§•• 1 mi 

>1-2mi 

>2«3mi 

>3-4mi 

Ref. No. Insert MSP 2 4 

25. Identify sensitive environments and wetlands acreage within f mile of the site. 

Sensitive Environment Type Distance 

Ref. No. insert MSP 2 5 

3t 
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Insert MSP 12. 

Surface runoff from MSP flows generally in a southern 
direction. Runoff from the asphalt pad i s collected in several 
drains that empty into a large settling basin through an 
underground drainage system. This drainage system empties into a 
drainage ditch south of the site which flows into a creek named 
Main Stream. Main Stream empties into Ambrose Brook and Ambrose 
Brook flows into Green Brook near the confluence with the Raritan 
River. 

Reference: Environmental Analysis of the Former Middlesex Sampling 
Plant and Associated Properties, Middlesex, New Jersey; Ford, 
Bacon, and Davis Utah, Inc. (FBDU) July, 1979, Pages 230-235. 
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Insert MSP 13. 

Surface runoff from the two storage piles at MSP i s collected 
in several drains that empty into a large settling basin located 
on the s i t e through an underground drainage system and then into 
a drainage easement ditch south of the s i t e which runs 0.3 miles 
south to Main Stream. Main Stream empties into Ambrose Brook, and 
Ambrose Brook flows into Green Brook near the confluence with the 
Raritan River. Neither Main Stream nor Ambrose Brook are used for 
water supplies. 

Reference: Certification Docket for Remedial Action Performed at 
the Middlesex Municipal Landfill in Middlesex, New Jersey in 1984 
and 1986, (BNI, May 1989), Prepared for U.S. DOE, Oak Ridge 
Operations. 
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Insert MSP 14. 

The Middlesex Sampling Plant site i s not located within any 
floodplain. The closest floodplain is from Ambrose Brook, located 
approximately 600 m (2,000 ft) southwest of the site. 

Reference: Site Inspection Report, Page 45. 



FIGURE 6-3 FLOODPLAINS AND APPROXIMATE LOCATION OF WELLS IN VICINITY OF MSP 
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INSERT 16 

The quality of surface water in Middlesex County varies, but 
the major streams s t i l l serve as drinking water sources for a large 
percentage of the population of the Middlesex area. The 
Elizabethtown water company has an intake on the Rariton river at 
i t s confluence with the Millstone river. This location i s upstream 
of the confluence of the Rariton river and Ambrose brook. A second 
intake i s located on the Rariton river downstream of i t s confluence 
with Ambrose brook. This intake i s owned and operated by the town 
of Middlesex and i s located approximately 3.3 miles downstream of 
the s i t e . The Middlesex Water Company also owns an intake on the 
Delaware and Rariton Canal about 5.3 miles downstream from MSP. 
The population served by these sources i s not known, however i t i s 
assumed to be greater than 1,000,000. The flow of the Rariton 
river i s 1320 cfs. 

Reference: 

Elizabethtown Water Company, Mr. Sedowski, Personnal Communication 
with Jon Novick, FUSRAP, 8-15-91. 
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Insert MSP 19. 

The drainage ditch located south of the site received most of 
the site drainage. This area appears to have been impacted by the 
deposition of contaminated soil that had been transported as 
suspended particles via surface water runoff and lateral transport 
through the parking lot subbase. 

There are no cr i t i c a l habitats, sensitive environments, 
fisheries, or surface water intakes within 1 mile of the site. 

References: Site Inspection Report for MSP, Page 65. 
Hazard Ranking System Scoring for Middlesex Sampling 
Plant, Middlesex, New Jersey, (BNI, July 1989). 



i 

ADDENDUM 5 

Insert MSP 19. 

Please see Addendum 4 for locations and data on contamination 
of sediment in the drainage ditch beyond the outfall south of the 
MSP. 
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INSERT MSP 22 

Minimal biotic resources occur on the Middlesex Sampling Plant 
site because most of the site i s paved. Pigeons, sparrows, rats, 
and mice may occur on the site, and some aquatic insects (mostly 
dipterans) and frogs may occur in the sedimentation basin. 

Because the ecosystem on the Sampling Plant has been disturbed, the 
occurence of any rare or endangered species on the site is 
extremely unlikely. 

There are no known sensitive environments within one mile of the 
site. 

Reference: 

Certification Docket 11-171. 
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AIR ROUTE 

Insert MSP 23 

The only suspected air contaminants emitted from the site are 
radon and thoron. Radon emissions are present due to the radium 
and thorium contaminated soil stored in the piles. 

No release of radon i s suspected, as defined in the Guidance 
Manual. The Annual Average Concentration of radon in 1990 was just 
above background.. No values as high as two to three times 
background were obtained. 

Radon flux monitoring has been performed for MSP by sampling 
the two piles. Results of sampling performed in May 1991 indicate 
a radon flux range on the pile designated the MML cleanup pile 
range from 0.03-0.04 pCi/m2/sec and an average of 0.038 pCi/m2/sec; 
the storage pile designated the Phases I and I I pile had a range 
of radon flux rates from 0.03-0.52 pci/m2/sec and an average of 
0.157z pCi/m

2/sec. The radon flux standard for DOE sites i s 20.0 
pCi/m/sec, per the National Emission Standards for Hazardous Air 
Pollutants (NESHAPs), 40 CFR Part 61. 

Reference: 
Middlesex Sampling Plant Annual Environmental Report for 

Calendar Year 1990, June 1991, BNI, Inc., (DOE/OR/21949-285). 

Letter from David G. Adler, Site Manager, Former Sites 
Restoration Division, DOE, to Paul A. Giardina, Radiation Branch 
Manager, USEPA Region I I , July 16, 1991, (CCN 079488). 

T7 
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INSERT MSP 24 

Population calculations were performed in "Insert D" of the 
Preliminary Assessment for MSP. Totals calculated are: 

Distance PoDulation 

0 - 1/4 mi. 423 

>l/4 - 1/2 mi. 1267 

>l/2 - 1 mi. 8038 

>1 - 2 mi. 32,136 

>2 - 3 mi. 53,594 

>3 - 4 mi. 75017 
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INSERT MSP 25 

There are no State or Federally designated sensitive 
environments within 15 miles downstream of MSP. 



" • release to air it nt... ° u ° 0 O^-flTTTC 

Ref No r„ „ 

insert MSP 2 6 

" • release to air .$ observed „, . 

SET - - «.v » « r s - = -
Ref. No. Insert MSP 2 7 
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AIR ROUTE 

Insert MSP 26. 

No migration of contaminants through the air has been observed 
or suspected from the site. However, the site is monitored for 
radon and thoron, as described in Question 23. Site contamination 
is generally limited to the two storage piles on site, which are 
covered with an impervious liner. 

In addition to radon monitoring discussed above, radionuclide 
emission rates for non-radon emitters were calculated using the 
EPA-approved dose model AIRDOS-PC, as directed in 40 CFR Section 
61.93, to comply with NESHAPs requirements. 

Reference: 
Middlesex Annual Environmental Report, Pages 25-30. 

Letter from William M. Seay, Deputy Director, Former Sites 
Restoration Division, DOE, to Paul A. Giardina, Radiation Branch 
Manger, USEPA Region I I , June 28, 1991, (CCN 079116). 
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AIR ROUTE 

Insert MSP 27. 

No releases to air have been observed or suspected. Radon 
emissions are monitored as part of an environmental monitoring 
program, and are below EPA guidelines, as expressed in NESHAPs 
Subpart Q, 40 CFR Part 61. (See the answer to Question 23). 

Reference: Middlesex Annual Environmental Report, Pages 25-30. 



0 8 0 5 2 8 
: 07 8B l-fr 

V 

PA Scoresheets 



n toon 08 0 5 2 8 
O b 1990 - INSTRUCTIONS FOR SCORESHEETS ° 

Introduction 

T h . . . . C O . , * . . : . r . « * . vou » r.cord M M co...ct.d du,,nS the PA.nd.c.t. r e ^ c . , - » - . • « « 
v.iu.t r»cor..-i for laeiors. calculate wthway .cor., and . »™ " J , ^ £ Cr.t.r.. L«:i 
„eomm.nd.t,o«. You .ncour.Q.C to *r,t. not., on * \ ™ * \ i-iforwat.cn or 0 . ; -
On pas . . w.th a r . f r .nc . column, ind-cat. a nymba' " " " " " ^ ^ ,.f.r.ne.« Ev. , r . 
conta,n,nQ rat.onai« <or hypoth.s.s: anaeh to tha seer. .«. .« a n u ^ , ' t * h f • ™ M

S n 0 w calculates, as 
... four pathway.. Cornpl.t. and .ubm.t .H Cr.t.n. Lists. « * " 2 2 s i 7 « 
aoeropt.a:«. Oo no: «nt.r valu.s or sco ns ,n snad.d ar.as o< me «cor««n.«ts 

G.n.r.i Information 

S i , . O p t i o n an- C l o n a l History: Provd. . » *< « . * " ^ . v . ' . t . t L , 5 " ! 
tne »re n.mt. ow«a- coer.tor. tyo« o« Ue.wty .no oea-et-o-s ; « * * ™ r t w x \ t that hav. or may n .v 

occ.-ea at tn. tat. re:. .Ho .< these act-vt... . e docr - .^ec Of .i .Q«d Id.nt.ty proo.o 
pr.o' so-iis Summ.'ire hionliQMts b< pr.wtou. investigations. 

Proba*. Com.min.nt, of Conc.m: !,,: n.z.Hou. Z ^ ' ^ 
e.oos.e o< . : t*.s »:« b.».c or. Your knowledge c< . 0 " , " ' £ » - ™ J ™ , , „ . . , „ , h „ 0ee-»es 
swostane.. o< cone.- , to con, a , -.-a mefri.tv e' . n T . ^ ' y t C d.t. mat -*e. e. 
.oantrfy . o w e , to ^ " a ,7. . o'p/.v^ous nv.,t,c.t,on. p. o -«c 
cancern.nQContam.nat-en d«t«c*.:e : f t •• .r-o> »»• 
on tn. s.te. 

5-y 



* w '**u 08 0 5 2 8('TATl 

_PJ90090012 



08 05 2 8 
0 6 1990 

Sit. Sktteh: Preoa'e • sktteh o< tht kite. Ind.cste a" pertmam features o< tht fin anfl nearby tnv?e-i. 
including eourees of wastes. I ' t u o» viiibie and buned wastes, buiid:ngs. 'asidenees. access roacs. ca'» re 
araas. drainage panrnt. wattf bodies, vegetat.o"\ wiiii, lens'tive environments, etc. 

5£ 



GENERAL INFORMATION 

Sue Oescnption ana Operational History." 

SEE ATTACHED TEXT LABELED "INSERT A" 
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Probable Contaminants of Concern: 
•Previous'investigations: analytical ea:ai 

SEE ATTACHED TEXT LABELED "INSERT B" 
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PA SCORESHEET 

INSERT A 

Site Description 

MSP occupies approximately 3.9 ha (9.6 acres) i n north-central 

New Jersey w i t h i n the Borough of Middlesex (Middlesex County) 

(Figure 1-1). The MSP property includes four buildings and two 

storage p i l e s t h a t t o t a l 50,748 m3 (66,372 yd 3) of waste 

(Figure 1-2). More than 70 percent of the MSP s i t e i s paved w i t h 

asphalt. The s i t e , currently being used f o r i n t e r i m storage of 

radioactively contaminated s o i l , i s e n t i r e l y fenced and public 

access i s r e s t r i c t e d . Figure 1-3 i s an a e r i a l photograph of the 

s i t e . 

Site History 

The Middlesex Sampling Plant (MSP) f a c i l i t y was established i n 

1943 by the Manhattan Engineer D i s t r i c t (MED) t o sample, store, 

and/or ship uranium, thorium, and beryllium ores. I n 1955, the 

Atomic Energy Commission (AEC), successor t o MED, terminated the 

operation and l a t e r used the s i t e f o r storage and l i m i t e d sampling 

of thorium residues. In 1967, AEC a c t i v i t i e s ceased, onsite 

structures were decontaminated, and the s i t e was c e r t i f i e d f o r 

unrestricted use under c r i t e r i a applicable at t h a t time. 

Between 1968 and 1980, the s i t e changed hands, f i r s t t o the 

General Services Administration, and then t o the Department of the 

Navy f o r use as a U.S. Marine Corps reserve t r a i n i n g center. I n 

1980, custody of MSP was returned to DOE, which then i n i t i a t e d 

remedial action to clean up v i c i n i t y properties. The Middlesex 

Municipal L a n d f i l l (MML), a v i c i n i t y property established i n the 

mid-1940s, began to receive s o i l contaminated w i t h pitchblende 

(high-grade uranium ore) i n 1948, which resulted i n contaminated 

s o i l being placed over e x i s t i n g f i l l at MML. By 1974, s o l i d waste 

disposal ceased at MML. Early r a d i o l o g i c a l surveys indicated t h a t 

0.2 ha (0.5 acre) of MML required remediation; i n 1984, 

118_0012 
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Figure 1-1 Location of MSP 
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FIGURE 6-3 FLOODPLAINS AND APPROXIMATE LOCATION OF WELLS IN VICINITY OF MSP 



approximately 12,000 m3 (16,000 yd3) of contaminated soil was 

returned to MSP for interim storage. Later investigations showed 

the contaminated area to be 1.2 ha (3.0 acres). By 1986, 

remediation at MML was essentially complete; 23,900 m3 (31,200 yd3) 

of contaminated soil was returned to MSP for interim storage. In 

1987, MML was turned over to the Borough of Middlesex. 
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FIGURE 1 SAMPLING RESULTS FROM PLANT OUTFALL 
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ADDENDUM 6 

The piles at MSP have been characterized for chemical 
contamination, and the results of the characterization were 
published in December 1991. Analysis has revealed the presence of 
lead in the MML pile, as determined by the Toxicity Characteristic 
Leaching Procedure (TCLP). 46 of 54 samples taken from the MML 
pile failed the TC for lead. 

Reference: MSP Characterization, December 1991. 
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INSERT B 

Summary of Environmental Monitoring Data 

The foll o w i n g subsections summarize environmental monitoring 
r e s u l t s f o r MSP f o r calendar year 1990. 

Radon 

Annual average radon concentrations a t the s i t e boundary 

ranged from 0.4E-9 to 1E-9 fiCi/ml (0.02 t o 0.04 Bg/L) , including an 

average background le v e l of 0.8E-9 /xCi/L (0.03 Bq/L) . Radon 

concentrations at a l l monitoring locations along the s i t e boundary 

were below the DOE guideline of 3E-9 juci/ml (0.1 Bq/L) f o r in t e r i m 

storage s i t e s and remained close t o background levels throughout 

the year. The only concentrations exceeding DOE guidelines were at 

stations located i n the process b u i l d i n g on s i t e . Thoron 

monitoring was not conducted at MSP during 1990; however, i t w i l l 

be added to the environmental monitoring program i n 1991. 

Radon f l u x measurements were col l e c t e d t o demonstrate t h a t the 

sxpe was i n compliance with the radon f l u x l i m i t of 20E-9 tiCi/m2/s 

set f o r t h i n 4 0 CFR Part 61, Subpart Q. Both p i l e s had average 

radon f l u x rates of 0.09E-9 LtCi/m2/s (3E-3 /iCi/m2/s) . 

External Gamma Radiation Exposure 

The annual average external gamma r a d i a t i o n exposure l e v e l was 

76 mR/yr onsite and 55 mR/yr at the property l i n e , excluding an 

average background of 64 mR/yr. Detailed information on gamma 

radi a t i o n exposure monitoring can be found i n Subsection 4.1.2. 

Surface Water 

Surface water sampling was performed quarterly to determine 

concentrations of t o t a l uranium, radium-226, and thorium-232 and to 

assess any impact of s i t e discharges t o surface waters i n the 

118 0012 
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v i c i n i t y . Concentrations of radionuclides at downstream and 

upstream (background) sampling locations were essentially the same 

except for one total uranium value. Annual average concentrations 

ranged from 0.4E-9 to 2.8E-9 LiCi/ml (0.02 to 0.1 Bq/L) for 

radium-226 and from 3E-9 to 60E-9 tiCi/ml (0.1 to 2.2 Bq/L) for 

total uranium. Thorium-232 concentrations averaged 0.1E-9 /iCi/ml 

(4E-3 Bq/L). A l l radionuclide concentrations were below the DCGs 

of 100E-9 ttCi/ml (3.7 Bq/L) for radium, 50E-9 j*Ci/ml (1.9 Bq/L) for 

thorium-232, and 600E-9 fiCi/ml (22 Bq/L) for total uranium. 

Sediment samples were collected i n conjunction with surface 

water samples as a check f o r deposition of the contaminants of 

i n t e r e s t ( t o t a l uranium, radium-226, and thorium-232). Average 

annual concentrations i n sediment ranged from 0.7 t o 6 pCi/g (0.03 

to 0.2 Bq/g) f o r radium-226, 0.5 to.2 pCi/g (0.02 t o 0.07 Bq/g) f o r 

thorium-232, and 0.7 to 11 pCi/g (0.03 to 0.4 Bq/g) f o r t o t a l 

uranium. Concentrations i n downstream sediment were elevated 

compared with those found i n upstream (background) samples. There 

are c u r r e n t l y no guidelines i n ef f e c t f o r radionuclide 

concentrations i n sediment; however, some of the radium-22 6 and 

thorium-23 2 values were greater than the 5 pCi/g (0.2 Bq/g) FUSRAP 

guideline f o r the top 15-cm (6-in.) layer of s o i l . Radionuclide 

concentrations were comparable to the concentrations t y p i c a l l y 

found i n phosphate f e r t i l i z e r s . 

Groundwater 

Groundwater results were i n general agreement with previous 

data. Quarterly groundwater samples were analyzed f o r t o t a l 

uranium, radium-226, thorium-232, and chemical i n d i c a t o r parameters 

[ s p e c i f i c conductance, pH, t o t a l organic carbon (TOC), and t o t a l 

organic halides (TOX)], and metals. In a d d i t i o n , v o l a t i l e and 

semivolatile organic compounds were analyzed f o r during the t h i r d 

quarter. Average annual concentrations i n groundwater ranged from 

0.3E-9 to 2.4E-9, 0.1E-9 to 1E-9, and 3E-9 to 123E-9 /iCi/ml (0.01-

Sediment 

118_0012 
08/13/91 

7 
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to 0.09, 0.004 to 0.04, and 0.1 to 4.6 Bq/L) for radium-226, 
thorium-232, and total uranium, respectively. Radionuclide 
concentration levels in a l l samples were below the DCGs of 100E-9, 
50E-9, and 600E-9 ^Ci/ml (3.7, 1.9, and 22 Bq/L) for radium-226, 
thorium-232, and total uranium, respectively. The groundwater 
quality is poor, but this i s typical for an industrialized urban 
area. 

I1S_0 012 
08/12/91 
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SOURCE DESCRIPTIONS: 

The MSP property includes four buildings and two engineered 
storage piles that contain 50,748 m3 (66,372 yd3) of contaminated 
soil. More than 70 percent of the MSP site i s paved with asphalt. 
The site i s currently being used for interim storage of 
radioactively contaminated soil . The site i s entirely fenced and 
public access is restricted. 

The two storage piles are engineered, bermed, and covered with 
an impermeable (Hypalon) covers. Both piles were constructed on 
an asphalt pad; in addition, one pile has a liner and leachate 
collection system. Run-on and run-off controls have been 
installed. 
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WASTE CHARACTERISTICS (WC) CALCULATIONS 

From the definitions of waste sources provided, i t appears that the 
waste sources can be evaluated under 3 of the 4 t i e r s described: 

Constituent 
Volume (pile) 
Area 

Volume estimates for both Middlesex piles are well established. As a 
result, area calculations w i l l not be performed. 

There are two piles, one from the clean-up of the Middlesex Municipal 
Landfill (MML), and one from remediation of MSP v i c i n i t y properties. 
Each w i l l be treated separately in the calculations which follow: 

I) CONSTITUENTS 

MML Pile: 

Average Contaminant Activity (A A v e) (BNI, 1991a) 

U-238 = 20 pCi/g 
Ra-226 = 19 pCi/g 
Th-232 = 2 pCi/g 

The average bulk density of the s o i l in the MML pile i s assumed to be 

p = 1.8 g/cm3 

The volume of the MML pile i s (BNI, 1991b): V^ = 31,209 yd3 

The total activity of each contaminant in the MML pi l e : 

Atot = AAve P V*HL 

V a a = ( 2 0 x 1 0 ' 1 2 C i / g ) ( 1 . 8 g/cm3) (31,209 yd 3) (7.645 x 105 cm 3/yd 3) 
= 0.86 C i 

8̂-226 = < 1 9 x 1 0 " 1 2 C i / g ) ( 1 . 8 g/cm3) (31,209 yd 3) (7.645 x 10 s cm 3/yd 3) 
= 0.82 C i 

ATh-232 = (2 x 10*12 C i / g ) ( 1 . 8 g/cm3) (31,209 yd 3) (7.645 x 10 s cm 3/yd 3) 
= 0.086 C i 

The Specific Activity for each radioisotope: 
(U.S. Department of Health, Education, and Welfare, 1970) 

Ra-226: A = 0.988 Ci/q 
Th-232: Asp = 1.09 x 1.0'* Ci/g 

TV 



The specific Activity of u-238 oust be calculated using the method 
described i n D.s. Department of Health, Education, and Welfare (1970) 

A _ 3.57 8x10s 

(TU2MAtomic) 

Where: T 1 / 2 - Half L i f e of U-238 = 4.51 x 109 y rs 
MAt«ic = T h e Atomic Mass of U-238 - 238 g 
Asp • (3.578 x 10 s Ci y r ) / ( 4 . 5 1 x 109 yrs) (238 g) 

= 3.33 x 10"7 C i /g 

so the total mass of contaminants in the MML p i l e : 

^-238 = \-zsa/Aip 

- ( 0 . 8 6 C i ) / ( 3 . 3 3 x 1 0 ' 7 C i / g ) ( 4 5 3 . 5 g / l b ) 
Mj.jjg = 5695 l b s 

^8-226 = (0 .82 . C i ) / ( 0 . 9 8 8 C i / g ) ( 4 5 3 . 5 g / l b ) 
= 1.8 X 1 0 - 3 l b s 

MTh-232 = (0*086 Ci)/(1.09 x 10"7 Ci/g) (453.5 g/lb) 
= 1740 lbs 

^ = 1595 lbs + 1.8 X 10'3 lbs + 1740 lbs 
M L̂ = 7435 lbs f o r MML Pi l e 

Middlesex Vicinity Properties (MVP) Pi l e : 

Average Contaminant A c t i v i t y (A A v e) (BNI, 1991a) 

U-238 = 19 pCi/g 
Ra-226 = 12 pCi/g 
Th-232 = 2 pCi/g 

The volume of the MVP pile i s (BNI, 1991b): V̂ p = 35,163 yd3 

The total activity of each contaminant in the MML piles 

Arot = AAve P VMVP 

V238 = (V9 x 10-1 2 Ci/g) (1.8 g/cm3) (35,163 yd 3) (7.645 x 10 s cm 3/yd 3) 
= 0.92 Ci 

^8-226 = < 1 2 x 1 0 " 1 2 Ci/g) (1.8 g/cm3) (35,163 yd 3) (7.645 x 10 s cm 3/yd 3) 
• 0.58 Ci 

^-232 = (2 x 10"12 Ci/g) (1.8 g/cm3) (35,163 yd 3) (7.645 x 105 cm 3/yd 3) 
= 0.097 Ci 
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so the total mass of contaminants in the MSP v i c i n i t y Properties Pile 
i s : 

^-238 = V ^ ^ p 

= ( 0 . 9 2 C i ) / ( 3 . 3 3 X 1 0 ' 7 C i / g ) ( 4 5 3 . 5 g / l b ) 
Mu-238 = 6 0 9 2 l b s 

^•-226 = ( ° - 5 8 C i ) / ( 0 . 9 8 8 C i / g ) ( 4 5 3 . 5 g / l b ) 
= 1.3 x 10 ' 3 l b s 

^-232 = (0-097 Ci)/(1.09 X 10'7 Ci/g) (453.5 g/lb) 
= 1962 lbs 

M̂ p = 6092 lbs + 1.3 x 10'3 lbs + 1962 lbs 
M̂ p = 8054 lbs f o r MVP P i l e 

The waste constituents are divided by 1. So, 

MTot = 7435 lbs + 8054 lbs 
= 15,489 lbs 

THE ASSIGNED WA8TE CONSTITUENT SCORE I S : 

I I ) P I L E S 

P i l e Volumes ( B N I , 1991b) 

MML: 31 ,209 y d 3 

MVP: 35 ,163 y d 3 

For multiple source sites, the volume in cubic yards is divided by 2.1 

MML: 31 .209 v d 3 = 1 2 , 4 8 3 . 6 y d 3 

2 . 5 

MVP: 35 .163 v d 3 = 1 4 , 0 6 5 . 2 y d 3 

2 . 5 

T o t a l Volume: 12 ,483 .6 y d 3 + 14 ,065 .2 y d 3 = 2 6 , 5 4 8 . 8 y d 3 

THIS RECEIVES A SCORE OF: 

WC = 100 

WC = 100 



ADDENDUM 7 

WASTE CHARACTERISTICS (WC) CALCULATIONS 

As noted in earlier addendum pages in this revised package, 
the MML pil e at MSP contains lead in excess of the RCRA 
characteristic level. The presence of this consitituent does not 
affect the WC calculation, as the maximum value of 100 has already-
been reached due to the volume of waste at the MSP. Therefore, no 
new calculation has been performed as this value w i l l remain 
unchanged. 
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References: MSP Characterization, December 1991. 
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Insert c 

Data on groundwater use in the v i c i n i t y of MSP i s provided in a 
guidance manual t i t l e d : Policies and Practices for Managing 
Middlesex County's Groundwater, which i s provided as an attachment 
to the PA, per instructions contained in the PA Scoresheets. 

Regional stratigraphy i s presented in Table 1, also attached 
(Geraghty and Miller (1976)). 

GROUND WATER USE DESCRIPTION 

The uppermost aquifer of concern at MSP i s the Brunswick 
Shale. The Brunswick Shale was the uppermost bedrock unit that was 
encountered during d r i l l i n g a c t i v i t i e s at MSP. At MSP, the 
Brunswick Formation i s a red shale with interbedded siltstone and 
occasional layers of sandstone. The unit i s relatively 
impermeable, except along numerous fractures and cracks that occur 
at high angles to bedding. There i s no indication that zones of 
fracturing and f i s s i l i t y are pervasive, open fractures capable of 
transmitting water away from the s i t e , however, two boreholes did 
have zones of highly f i s s i l e shale in them. The depth to the 
Brunswick Formation at MSP ranges from 0.45 to 2.4 m (1.5 to 8.0 
f t ) . Material overlying the Brunswick Shale consists of 
unconsolidated s i l t y to sandy loams with poor to moderate drainage 
and low to moderate permeability. A 0.3 m (1 ft) thick zone of 
weathered bedrock directly overlies the unit (FBDU, 1979, BNI, 
1989). The thickness of the Brunswick Shale underlying MSP i s not 
known, however, regionally the unit may be greater than 1524' m 
(5000 ft) in thickness (Geraghty and Miller, 1976). 

Regionally, the Brunswick Formation i s an important source of 
groundwater supplying water for industrial and, to a lesser extent, 
drinking water purposes. Groundwater occurs in fractures and 
cracks. The specific yield for the Brundwick Shale i s relatively 
low compared to other groundwater bearing units in the area. 
Specific yield decreases with depth corresponding to a decrease in 
the occurrence of fractures. The thickness of the water-bearing 
zone of the Brunswick Shale i s only 12.2 to 13.7 m (40 to 45 ft) 
thick (MCPB, 1979). At MSP, the depth to groundwater in the 
Brunswick Shale ranges from 2.4 to 9.1 m (8 to 30 f t ) . Groundwater 
moves towards the center of the s i t e with flow from the southern 
end of the s i t e draining to the north, and flow from the northern 
end of the s i t e draining to the south (BNI, 1991). Transmissivity 
values have been measured in slug tests at MSP. Values range from 
0.86 to 1.4 m2/day (69 to 115 gpd/ft) (Weston, 1980). A figure 
showing the configuration of the water table in the bedrock aquifer 
i s attached. 

Although no confining layers were encountered during the 
subsurface investigation of MSP, a zone of groundwater occurs in 
the unconsolidated overburden. I t i s not known to what extent 
groundwater in the unconsolidated sediments and in the Brunswick 
Formation are interconnected, however, differences between the 
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hydraulic characteristics of each unit suggests that the two units 
are not connected. The water table in the unconsolidated sediments 
occurs from 0.6 to 3.0 m (2 to 10 ft) which i s closer to the 
surface than in the bedrock aquifer. Groundwater flow in the upper 
unit i s to the southwest (BNI, 1990). Transmissivity values, 
measured by slug tests in the upper unit are reported to be 0.087 
to 0.27 my day (7 to 22 gpd/ft) which i s s l i g h t l y lower than in the 
Brunswick Shale. Both units reportedly have low groundwater flow 
velocities (Weston, 1980). Groundwater in the unconsolidated 
sediments i s not used for drinking water. A figure showing the 
configuration of the water table in the unconsolidated sediments 
i s attached. 

Sebrings Mill Well Field i s located about 1 1/4 mile northwest 
of MSP. Sebrings Mill Well Field i s an inactive municipal well 
f i e l d that i s owned by the Elizabethtown Water Company. The depth 
of wells located in the well f i e l d i s not known. The well f i e l d 
was closed due to the presence of vol a t i l e organic contaminants in 
the groundwater, and i s not expected to be used for drinking water 
in the future. 

A well canvas conducted in 1988 revealed there to be 74 
privately owned wells within 3 miles of MSP. Data on wells located 
between 3 and 4 miles from the si t e are not presently available. 
The results of the canvas revealed that 69 of the wells are used 
for domestic purposes, 3 are used for industrial purposes, 1 i s 
used by a car wash, and 1 i s used by a church. None of the 
privately owned wells i s specifically designated for drinking 
water. Although information on the aquifers from which these wells 
draw water i s not known, the intervals from which water i s obtained 
range from 19 to 520 f t which implied that some, i f not a l l of the 
wells obtain water from the Brunswick Shale. The locations of 
wells relative to MSP, and the population using each well i s not 
presently available, however, the name, address, and well depth for 
each well i s provided in an attachment to this PA. 

References: 
Middlesex County Planning Board (MCPB) (1979). Policies and 

Practices for Managing Middleses County's Groundwater Resources. 
New Brunswick, N.J. 

Bechtel National, Inc. (BNI) (1989). Site Inspection for 
Middlesex Sampling Plant, oak Ridge, TN. 

Geraghty and Miller, Inc. (1976). Lower Raritan/Middlesex 
Countv 208 Water Quality Management Planning Program; Task 8 
Groundwater Analysis. Port Washington, NY. 

Ford, Bacon and Davis Utah, Inc. (FBDU) (1979). Environmental 
Analysis of the Former Middlesex Sampling Plant and Associated 
Properties. Salt Lake City, UT. 

Bechtel National, Inc. (1991). Middlesex Sampling Plant 
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Annual Site Environmental Report f o r Calendar Year 1990. 
DOE/OR/21949-285 (D r a f t ) . Oak Ridge, TN. 

Roy F. Weston," Inc. (1980). Hvdroaeoloav of the Former 
Middlesex Sampling Plant s i t e . Middlesex. New Jersey. West 
Chester, PA. 
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T a b l e 1 " Geologic Unirs ana Their Ground-V/crer Potential in the Middieiex 208 Area. 

E 

<s> Unit 
Thickness 

litholoaic descriofion (feef) 

Alluvium Silt, sand and mud 0 - 5 0 

Eolian deposits Sand dunes 0 - ^ 0 

Stratified drift 

o 
a Non-srrafined drift ' 

i (MM) 
O 

Sand, gravel 

Cicy, boulders, 
gravel, scr.a, silt 

0 - 60 

0 - 150 

Ccpe May Formcrion Fine- ro medium-
grained quart: sona 
end some fine gravel 

0 - 50 

Pensauken Formation Clayey sand and 
gravel 

Mount Laurel and 
Wenonah Sands 

Micaceous send 

3 
O 
V 

u 
2 
o 

Marshalltown Formation Micaceous, sandy clay 40 

Englishtown Sand Micaceous, fine - to 100 
medium-grained send, 
some clay lenses 

Woodbury Clay 

Merchanrville Clay 

Black, micaceous clay -0 

Black, micaceous clay iO - 60 
with glauconife 



Unit Lifhol 
i nic'r.r.e'.z 

ocic cescricrion 

Magorhy Formation Fine Iignific send end 90 - i 20 
black clay 

Amboy Stoneware Clay 

Old Bridge Sand 

Gray to black cIcy with 0 
caroonaceous marerici 

Fine- to coarse- 20 
grained whire to yellow 
sand 

i n 

10 

o 
0 
9 
u 
a 

South Amboy Fire Clay Varicolored cicv 

5cyrevi i le Send 

Woocbridge C!cy 

Farringron Send 

nne, wnire micccscLS 
sand 

Gray ciay and c!cyev 
sand 

- . 1 _ GO 

Gray to yeIlow fl.-.e- 20 - 1:0 
to medium-grainea sane. 
Con rains some cicy 
Icyers. 

Ran ten Fire Ciav Varicolored bascl cic*. 

Brunswi CK Forrr.crion 

o 
w 

O 

Red shaie inreroeacea 
with siltsrone and sane-
stone 

£ Lockatong Formation I Hard shale and argil I ire 

Stockton Formation 

<£ Diabase and basalt 
0 

Conglomerate and 
sandstone 

Dense crystalline rock 

;,0C0-

1,000-

,000. 

300 

c 
o 

Gneiss and schist Mercmcrphic crystal
line rocks 

3, Lu'J • 
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ATTACHMENT: 

RESULTS OF MIDDLESEX WELL CANVAS 

ST 



TAME f 
P/lfcfc I of \\ 

mm\iAjmwiLs iirajJCEaiN WELL CANVAS; OE.:JHE ^ULjpl£S£K ° v3n&vA)^-UU2Sfc^f 

Permit 
Number 

Owner/Address Use* Date 
Drilled 

Depth 
(Open 
Interval) 

^b-HOtoO POfJD /Wb. MIDDLESEX , M J . 
0 7 7 Z T 7 M ^ W O L 5012010 

1TO 3Q(MD-3»3) 

Yield 

ISO <tff>»* 

•,<if 

RED SPADATVU2AJ 
D 19̂ 3 llSfMO-ll^) £€Q- ID < ^ 

^ 1 14 £T4eii?r pg. rn i PDLESEX, ^ ) . o 
iff* 

~ ~ ~ puiu Lo>A J£ ' — * 2 • it— 

AAJI * 
P V l l f f P g fe^_P6KJ PL r7llPDl£SOC ,A)J 1%3 IQD(^-ioo) ^e-

1W \25(S0-QS) |D 
Jj 2 

D = domestic; N = industrial; R 
4l* 

irrigation; P = public water simply; O = other 

3 

CD 
CO 
CD 
cn 
ro 
co 



TABIC 

GRCXJtJLWATER WELLS INCLUDED IN WELL CANVASS OF H E r?jlPp(fcSfcX. s r r E , MQA) J(££S£Y 

Permit 
Number 

Cx^ner/Address Use* Date 
Drilled 

Depth 
(Open 
Interval) 

Yield 
-top*)" 

A6?A^iO i-TUGlZeV US5|A 
# 4 STrfdTToM eO. pISCATduMV^JJ. D m\ | 0 c,pr*i 
RilLUPS LEMS 
l O O CEVAd. AVfc. r^ lDt f l tSeX.KU. P T 

2S-1311*7 Mos~ î6U<>r DuNiai£Ki#m. D 
TMom4S o' UEAiZV 

I97S 

D I W |O7(q3-{07) 
l l 

0S-W1US 300 evo&eeew Ai>t. sea^oerfit*^. p m\ 1 5 S ( — ) Tn 

<9S-\lltf 515 twe>£{sevj sr. erjuuo6Va*,/jj. p ml 170 f(/5H70) 

25- ^ peô petr sr s. BouwoofW, MA • D wss |3DG?l|-(30) ir 
VISA IMC-

u)4Re sr. fis&W4yjr4y P (SO (SZHSD) 
--- if 

V l ^ INC-
I^WT ST- PlSCATAuJAv/, . P m i 

)\ 

3o? mAa£ A/t. 5. â D- flstAi/iuwy,,oj. D I IOf9HIO) 
If 

S &A>( 6T- RSGdTAiO*! , M ). P ISOCSD-ISD) 
* D = domestic; N = i n d u s t r i a l ; R = i r r i g a t i o n ; P = publ ic water supply; 

)f 
0 = other 
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n?rmit 
Ihimber 

Owner/Address Use* Date 
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Interval) 
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(gpn) 
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— j / i ^ t S D u k f l 
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D 
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|<K/3 1(0(^-/10^ 55$ IS y 
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?1Q3 \gr\ mTKl-siPt£ UP. so*>i0ZiAil£/MJ- p 
^ ' l / l c 1 c l D£SMA ST P(SUT4tJ4V/ AJJ . p 

* D = domestic; N = industrial; R = irrigation; 

/973 IfO^-JSP) (S 

10 c- ->,h 

—ft21 

P = p i b l i c water supply; O = other 
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Permit 
Number 

Owner/Address Use* Date 
D r i l l e d 

Depth 
(Open 
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(gpn) 

— - — — Q , e C , ^ v / MOgUSZ-
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T ^ S r f ™ ^— 

I 0 

99 IOIOCP 

( / A l O l i \ l I \ l i i / _ ~ ~ / L 

ST>e I T rHAfZTlAJSVlLl£ , All 

p'*1 

4 ^ 

U = domestic; N = industrial; R irrigation; P public water supply; O = other 



TARIE 
?CG£ S of II 

G t t M M T O WELLS INCLUDED IN WELL CANVASS OF '11 IE MIPPLbSfcX- S I T E > t*£(d JbES^V 

Permit 
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Depth 
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D - domestic; N = industrial; R = irrigation; P = public water supply; O = other 
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Owner/Address Use* 
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17 
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Date 
Dr i l l ed 

Depth 
(Open 
Interval) 
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Yield 
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| 3 S ( k o - ) 3D 5£ 
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3 p It*! 
i r r i g a t i o n ; P pibl I C water supply; O = other 
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frlfr t3ft)P£SiP£ pg. MAeTihBJUt ,MA 

Use* 
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^S'/SQ% ffp..a eox^pq aem/wic .MJ. 
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PVPlOT 41 ruiMe Bf?oo£ (ZD. 

Pb-4tfS3 r!PP Mr I KMAlhti 

D = domestic; N = i n d u s t r i a l ; R = 

D 

V 

Date 
D r i l l e d 

Depth 
(Open 
In terval ) 

Yield 

/?79 PQ ym 

D : mi mmv-i4s) an y^ ' 

mo 
mi (&^>(ffiS) 10 y „ 
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PREFACE 

New j l r t l ?«T5« P T * * e n a b l i n 8 l««i-l*tion adopted by the State of 
! j * l l * y * n 1 9 3 ^ t h e Middlesex County Planning Board has the resoonsibili 

ror developing a County-wide comprehensive master planning proeram. Such 
L S I ? ! r a m m U S t " n s i d e r c h e Patterns, relationships and imnacts'of land use 
aevelopment within the context of promoting the public health and welfare ' 
^ S

0 ™ ^ ° l i c

k

h e a l t h ™* requires that comprehensive lana 
™ r Z J 8 c™sider the impacts of such develooment on Middlesex Countv's 
natural resources and features. y 

^ ^ ! U I ^ S - r e C e n t y S a r S t h e M i d d l e " x County Planning Board has been eneaee 
in identifying and assessing the environmental ianact of land use develoomen 
-o such areas as air and water quality, natural resources, solid waste and 
-ater supply. 

„.£

 T J j e Preparation of this report has been carried out as a means co ide~-
,i.y c. e availability or groundwater supplies in Middlesex Countv and the 
determination or how such supplies can best ben protected to insure che 
continued availability to the County. 

,„„ r e P ° r C r e ? r e s e n c s a f i " t step in the process of addressing the 
interrelationships of water supply and water quality and will become an 
integral component of the County's water supply and water aualitv planning 
programs which are being carried out in response to che need for'greater 
understanding and awareness of the major water supply needs and problems 
r a c l n g 5 t a t e ' regional and local decision-makers so chat agreements can be 
reached to insure che future water supply needs of che County's residents, 
businesses and industries are properly and adequately met. 

Over the period of time chis report was Drepared Middlesex Countv has 
=een the recipient or federal funds under Section 208 of che Water Pollution 
Control Act Amendments (PL 92-500). Such funds have been used to develop 
Middlesex County s Water Resource Management Program of which groundwater 
management planning forms a significant element. This report has been re
vised and updated co account for study efforts undertaken since 1975. 

The staff responsible for the preparation of this report included: 

Douglas S. Powell, Director of County Planning 
Dinesh Sharma, Principal Planner 
William J. Kruse, Supervising Principal Planner 
Emily May, Planning Intern 

Edited by: Robert J. Nardi, Supervising Principal Planner 
Gloria Kelley, Senior Clerk Typist 
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I. INTRODUCTION 

The Middlesex County Planning Board and the Middlesex Countv Water 
Supply Advisory Committee have long sunported research in the area of water 
supply planning and management in Middlesex County. As part the the Board's 
comprehensive planning program specific plans for the orovision of water sucoi 
through the year 2000 have been prepared and adopted. In order to meet 
the needs of Middlesex Countv in the year 2000, under growth levels 
projected by the Planning Board Staff in 1978, the County would reauire a sunc 
of 160 million gallons of water per dav comnared against 1975 estimated 
demands of 102 million gallons per day. 

Table 1 below compares the estimated (1970) sources of water supplv 
available to Middlesex County against those called for in the Middlesex' 
Lounty Planning Board's adopted water supplv plan: 

TABLE 1 

Water Supply Resources - Raritan Basin 
(million gallons/day) 

Delaware and Raritan Canal 
Six Mile Run Reservoir 

Allocated Raritan River Surface 
Diversion 
Spruce Run/Round Valley Reservoir 
System 

Confluence Reservoir 

Crab Island Reservoir 

Lawrence Brook System 
Middlesex County Groundwater 

1970 2000 

36 36 
Programmed for 14 of 38* 
Construction 
24 of 80. 50 of 80* 

190* 190* 

Programmed for 15 of 60* 
Construction 
Feasibility 100** 
Studies to be 
Completed 

6.5 6.5 
63 of 130 130 

129.5 351.5 

* No committment has been made to provide water from supply source to Middlese: 
County - Other areas in N.J. are in competition for this'water. 

* Should this project be found unfeasible for environmental or economic 
reasons, an alternative source of 100 mgd will need to be found. 



Water supply sources for che year 2000, shown In Table 1, indicate chat 
over half the water supplied to Middlesex County wil l be from surface 
and groundwater sources within the County's borders. The need for the 
County to insure its future water supply i s underscored by the fact that 
Middlesex County lies at the lower end of the Raritan River Basin and 
rurthest away from the major surface water supply reservoirs at the Spruce 
Run/Round Valley complex. The County presently relies on surface water 
supplies from the Delaware and Raritan Canal, the Lawrence Brook reservoir 
system and from the Raritan River in addition to groundwater sources within 
its borders. In addition the State of New Jersey has estimated that the 
urbanized northeastern region must rely more on the Raritan River Basin 
t 0 r w a c e r s uPPliea tor three reasons: surface supplies in the northern 
portion of the State are limited in capacity; new large-scale reservoir 
sites no longer remain in this area; che development of the proposed Tocks 
island Dam and Reservoir project on the Delaware River as a major New Jersey 
water supply source appears, at the present time unlikely. This '-rill 
-ean chat che major vater supply facilities in che Rarican River Basin v i i l 
r.eea co serve not oniy che counties of Morris, Hunterdon, Somerset and 
Middlesex, but aust provide some level of supply to Union, Essex, Hudson, 
and perhaps Passaic and Bergen Counties. This wi l l in cum require Middle
sex County co continue co rely heavily on water supply sources within 
or near i t s borders. In this light che Middlesex County Water Supply 
Master Plan recommends chat the County undertake programs to encourage 
proper management and protection of water resources and co include 
che development of a water resource management plan co include recommenda-
cions for resource protection and areawide management o: water supoly sources 
and distribution systems. 

A. Resource Inventory and Capacity Analysis 

Following che completion of the Water Supply Master Plan che Middlesex 
County Planning Board recognized chat additional research and evaluation 
or its environmental resource base were necessary in order co becter under
stand the potential impacts of the growth projected by che Planning Board 
through the year 2000. Rather than merely planning for systems co provide 
resources to support a given level of growth i t was instead proposed to 
develop a program of research and study to identify those resources available 
co Middlesex County, the degree co which' they are presently utilized and 
che estimated capacity to support additional growth leading co a better 
balancing between projected growth and available resources. The Middlesex 
County Planning Board's Environmental Systems Staff prepared a work program 
for a Resource Inventory and Capacity Analysis (RICA) which would include 
che analysis of air, water and land resource capacities. An important 
element in the RICA's water resource analysis is the identification of che 
availability of groundwater supplies in Middlesex Countv and the determinatior. 
of how such supplies can best be protected to insure their future availability 

3. Goals and Objectives 

This analysis of Middlesex County's groundwater supplies is designed 
co aeet the following goals and objectives as established by che Middlesex 
•-ounty Planning Board's comprehensive planning program: 



Goais and Objectives 

Provide Adequate Capacity 

- Identify the amount and location of groundwater supplies 
available to Middlesex County. 

- Identify the demand for groundwater supplies. 

- Identify areas persently providing recharge to the groundwater 
system. Estimate potential recharge capability under present 
development characteristics within recharge areas and identify 
appropriate developments which may be safely supported within 
such areas. 

Insure Economy and Efficiency 

- Recommend methods of maintaining or augmenting groundwater 
recharge in a manner that insures availability of groundwater 
as a water supply in the face of the need to later compete 
:or higher cost water supplies co meet needs. 

Provide for Protection of Public Health and Safety 

- Insure chat recharge area protection includes consideration 
of water pollution control. 

Insure Ecual Attention to Water Suopiv Needs in All Areas 
of the County 

- Identify, analyze and recommend groundwater management 
programs with application to areas throughout Middlesex County 

Provide for Citizen Particioacion and Intergovernmental Coooera-

- Work closely with the Middlesex County Water Supply Advisory 
Committee. 

- Coordinate this study with work accomplished by other agencies 
including those of federal, State, local governments and 
authorities. 

- Recommend an approach to recharge area protection which can 
be presented to affected municipalities, neighboring counties, 
and State authorities. 

Provide for Protection of the Natural Environment, Maintain 
Existing Amenities and Enhance Aesthetics 

- Maximize groundwater protection through measures which 
protect the natural environment. 

- Address the maintenance of open space as a groundwater re
charge protection measure as well as a method of providing mucr 
needed recreation and aesthetic resources. 

cion 



C» Scope of Study 

The scope of this study covers the entire area of Middlesex County. 
Section I I describes and evaluates the hydrogeologic characteristics of the 
aquifers along with their specific water carrying and water producing charac
teristics and safe yield. Natural and a r t i f i c i a l recharge capacities of 
various aquifers is outlined along with estimated groundwater withdrawals 
for both 1966 a L973. Section I I I serves to describe the extent of urban
ization within t.-.i recharge areas and i t s impact on groundwater quality 
and quantity together with the need for protecting the County's aquifers. 
Section IV briefly describes methods that are available for the protection 
and preservation of critical resources of the County. Section V outlines 
specific recommendations for the preservation of various conservation areas 
which w i l l serve to protect the County's groundwater resources. Section VI 
presents a recommended program of next steps which should be undertaken 
zs carry forth the work begun by this study. 



I I . HYDROGEOLOGY OF MIDDLESEX COUNTY 

A. Background 

Middlesex County lies within two major physiographic provinces - the 
Atlantic Coastal Plain and the Piedmont Province. That portion of the 
County west of the Lawrence Brook and north of the Raritan River are generall 
within the Piedmont Province while the remainder of the County is within 
the Atlantic Plain. That portion within the Piedmont Province is generally 
characterized by clay and shale formations with relatively high surface 
runoff rates while the Coastal Plain is characterized by sand and gravel 
rormations along with a higher infiltration rate. The topography of the 
County is generally level or rolling with maximum elevations of approximately 
240 feet in the southwestern part of South Brunswick Township. The re
mainder of the County averages some 100 feet in elevation. The lowest 
elevations approach sea level at the tidal areas on Raritan Bay and at the 
mouth of the Raritan River. As a result of i t s natural topography and its 
proximity to Raritan Bay the County contains numerous natural drainage ways 
the majority of which drain to the mainstem of the Raritan River and into 
Raritan Bay. Several streams in the eastern area of the County drain 
directly to the Raritan Bay and several in the northeastern portion of the 
County are tributaries of the Rahway River or drain directly to the Arthur 
K i l l (See Figure 1). 

Middlesex County's climate is described as temperate with the average 
annual temperature between 50°F and 55°F. January and February are che 
coldest months having a mean temperature of 32°F with July the warmest 
nonth having a mean temperature of 75°F. Water temperatures follow a 
similar pattern, also ranging from 32°F to 75°F. Prevailing winds are from 
the northwest during the winter months and from south to southwest during 
the warmer months. 

The average annual precipitation within the County is approximately 
44 inches with February having the lowest monthly average and July the 
highest. The period from May to September has the highest average rainfall. 
Annual snowfall-averages between 20 and 30 inches. Complete precipitation 
and temperature data for the New Brunswick meteorological station are shown 
in Table 2 on the following page. 
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TABLE 2 

Average Precipitation and Temperature 
At New Brunswick, N.J. 

Month 
Precipitation^ 

(inches) 
Temperature" 

QV 

January 3.25 31.2 
February 2.96 32.8 
March 3.59 40.6 
April 3.47 51.6 
May 3.77 61.4 
June 3.67 70.2 
Juiy 4.39 74.9 
August 4.73 73.1 
September 2.68 66.7 
October 3.22 56.5 
November 3.16 45.6 
December 3.26 33.9 

Annual Average 43.65 53.2° 

3. Hydrogeoiogv 

Geologic sequence in Middlesex County is listed in Table 3 with those 
lormations which are both sufficiently thick and important County water 
supply sources highlighted. A generalized northwest-southeast cross 
section from the Stelton to Runyon areas shown in Figure 2. 

The areal extent of major aquifer recharge areas in Middlesex County 
have been identified in Figure 3. These are the locations where water bearing 
geologic formations are at the surface or have a water permeable ground cover. 
These recharge or outcrop areas provide the majority of the water to the weils 
drilled to the aquifers. I t is estimated that there are more than eight 
thousand wells tapping groundwater in Middlesex County. The largest majority 
of these wells are of low capacity and are used primarily for domestic pur
poses, however, 293 wells can each produce at least 100,000 gallons per day3. 

The two distinct aquifer formations that provide the largest portion 
of the groundwater in Middlesex County are the unconsolidated sand and gra
vel of Upper Cretaceous Age and the consolidated rocks of Triassic Age. 
The principal sources of groundwater in order of their importance are: the 
Old Bridge Sand and Farrington Sand aquifers of the Raritan Formation, che 
Brunswick shale of Newark Group (Triassic formation) and the Undifferentiated 
Sands of Upper Cretaceous Age. Although more water is drawn from the Newark 
Group than from the Undifferentiated Sands and Englishtown Sand, Newark 
Group rocks are not as uniformaly reliable as the Cretaceous Sand. 

A detailed discussion of the geologic and hydrologic characteristics 
of each strata is provided in the report bv Henrv'c. Barksdale et. a l 4 . In 

/ / / 



TABLE 3 

Hydrostratigraphic Sequence in Middlesex County 

Cenozoic Sequence 
Quarternary System 

Recent Series 
Alluvium 
Eolin deposits 

Pleistocene series 
Wisconsin drift 
Cape May formation 
Pensauken formation 

Unconformity 

Mesozoic Sequence 
Cretaceous System 
Upper Cretaceous series 
Mount Laurel and Wenonah Sands 
Marshalltovn formation 
Englishtown sand 
Woodbury clay 
Merchantville clay 
Magothv formation 
Raritan formation 
Amboy stoneware clay 
Old Bridge sand 
South Amboy fire-clay 
Sayreville sand 
Woodbridge clay 
Farrington sand 
Raritan fire-clay 

Unconformity 

Triassic System 
Upper Triassic series (Newark group) 

3runswick shale 
Lockatong formation 
Stockton formation 

Unconformity 

Proterozoic Sequence 
?re-Cambrian 
Wissahickon formation 
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this study an attempt has been made to evaluate and summarize the geologic 
characteristics of the rocks as they relate to their water carrying and 
water producing capacity. 

C. Quarternarv System 

1. Wisconsin Drift 

The Wisconsin Drift was deposited by the last four continental ice sheets 
of the Pliestoncene Age which covered large portions of the northern United 
States. It forms a nearly continuous mantle over the underlying Triassic 
and Cretaceous rocks in the northeastern part of Middlesex County. The 
southern limit reached by the Wisconsin glacier in Middlesex County is roughly 
along a line from Plainfield to Metuchen and over to the mouth of the Raritan 
River at Perth Amboy.̂  The Wisconsin Drift is of importance from a water 
supply standpoint primarily because some portions are permeable enough co ab
sorb water directly from precipitation and transmit i t readily into underlying 
beds. 

The outwash plain found between Metuchen, Plainfield and east Bound 
Brook covers an estimated 16 square miles and consists of layers of sand and 
gravel which together are called stratified drift. The stratified drift i s 
approximately 10 to 60 feet thick .on the eastern edge near the moraine. In 
general the stratified drift is quite permeable but i t is too shallow and 
covers too small an area to be in itself an important water supply source. 
However, i t holds water which percolates into the underlying Brunswick formatic 
and has increased the yield of many wells located on the d r i f t . 9 

2. Caoe May Formation 

The Cape May formation is a pinkish-yellow fine to medium grained quartz 
sand forming a thin mantle 3 to 10 feet thick over the Cretaceous formation 
' in the South River valley as well as along the south shore of the Raritan River 

The average porosity of the Cape May formation is 43Z and the average 
specific yield is 38Z. The coefficient of permeability ranges between 180 to 
900 with a weighted average of 450. A block of Cape May Sand one square mile 
in area and one foot thick is capable of storing approximately 80 million 
gallons of water.10 

The important hydrologic feature of the Cape May formation is that i t 
overlies the Old Bridge Sand aquifer and increases i t s recharge capacity. No 
major water supplies are drawn directly from the Cape May formation at the 
present time. 

3. Pensauken Formation 

In the southern portion of Middlesex County most of the h i l l s and upland 
areas (above 60 feet elevation) are covered with a layer of yellow to brown, 
clayey sand and gravel known as the Pensauken formation. The largest 
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members, attempts to trace recognized units in the outcrop areas, both along 
the strike and downdip, have been only moderately successful.12 Hydrogeologic 
characteristics of units in Raritan formation have been summarized in Table 4. 

3. Magothy Formation 

The Magothy formation lies Immediately above the Raritan formation and 
is separated from the Old Bridge Sand member by the Amboy Stoneware Clay. 
Average porosity of the Magothy formation is 46Z and specific yield is 
approximately 41Z. The coefficient of permeability ranges between 60 and 925 
with a weighted average of 296. A block of Magothy formation one square 
mile in area and one foot thick can store 85 million gallons of water. 

While the Magothy formation is capable of storing large quantities 
or water i t does not transmit i t freely due to its low coefficient of per
meability. At the present time no significant supply of water is 
drawn from this formation although numerous wells for domestic and agricul
tural uses draw water from this source. Due to its low permeability and 
transmissivity, successful development of large capacity wells in the Magothy 
formation would be difficult i f not impossible to accomplish. 

4. Old Bridge Sand 

The Old Bridge Sand member of the Raritan formation is the most produc
tive and intensely developed aquifer in Middlesex County. It outcrops or 
is exposed beneath permeable Pliestocene deposits in an irregular band that 
extends from Raritan Bay near South Amboy to and probably beyond Jamesburg. 
It has an intake area of approximately 25 square miles, a thickness of 30 co 
110 feet and dips gently to the southeast at 40 to 45 feet per mile. 

The Old Bridge Sand i3 well sorted and is composed of fairly fine 
to coarse sand or fine gravel. The average porosity of the Old Bridge Sand 
is estimated to be 42Z and specific yield is 40Z. The coefficient of permea
bility ranges between 1000 and 1500. The Old Bridge Sand is capable of storing 
and transmitting large quantities of water; for example, a block of Old Bridge 
Sand one square mile in area and one foot thick would score about 84 million 
gallons of available water. The sand can transmit approximately 1 mgd for each 
square mile of aquifer.1-3 

5. Farrington Sand 

The Farrington Sand outcrops in a contiguous band nearly a mile wide along 
che southeast enxe of Farrington Lake in East Brunswick. It has a total outcrc 
area of approximately 22.3 square miles, of which 10.9 square miles l i e south 
of the Raritan River and 11.4 square mile l i e north. The effective recharge 
area of the Farringron Sand is 16.9 square miles and has an average thickness 
of 80 feet, dipping gently to the southeast at the rate of 45 to 55 feet per 
mile. 
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The Farrington Sand is a medium co coarse grained sand with an average 
porosity estimated at 342 and specific yield 32%. The coefficient of oer-
B C I i si? r a n g e s b e c w e e ° 210 and 3500 with a weighted average between 1 0̂0 
and 1,500. The Farrington Sand is also capable of storing and transmitting 
large quantities of water. A block of the Farrington Sand one s q u a r e mile 
m area and 1 foot in thickness would be capable of storing almost 67 million 
gallons or available water. It can transmit more than 2.5 mgd for each square 
mile or aquifer.14 ^ 

Triassic System 

1. Newark Group 

The rocks of the Newark Group are the third most important aauifer in the 
county (behind the Old 3ridge Sand and Farrington Sand) because of their areal 
extent ana large amount of water developed from them. The oldest is che 
stocicton roraacion consisting of conglomerate and sandstone interaedded with 
rec snaie.^ Next oldest is the Locatong formation consisting of hard shaie 
ana arguxlice. The wo rocks are found in a small area near che southwestern 
Dorder or the County. The Brunswick formation is a red shale interbedded with 
siltstone and occassional layers of sandstone and covers the entire area nort^ 
or a line between Carteret and Plainsboro. 

These formations are rather impermeable except along numerous cracks whic 
traverse the beds at high angles to the bedding. Some water mav flow along 
cne oeddmg planes but such movements are limited. These rocks dip to the 
northwest at angles ranging from 5o to 15o 

The fact chat chese rocks are usually fine grained, relativelv impermeabl 
and are water bearing by virtue of their cracks and crevices, introduces P~°bi 
m any attempt to appraise their water bearing capacity. The permeability 
and specific yield of the Newark Group depends upon the degree of cracking, 
-.nce^the aegree of cracking decreases with the depth, the permeability and 
speciric yield also decreases with the depth. The cracks in the rocks of the 
Newant Group intersect one another at many angles; the result being that water 
can move almost in any direction. Figure 3 shows the area of the Brunswick 
formation covered with permeable material to a thickness of 40 to 45 feet. 

o n ? 6 c o e f f i c i e n t o f transmissibility of the Brunswick Shale is approximate. 
25,000 (as compared to 96,000 for the Farrington Sand and 108,000 for the 
Old Bridge Sand) and the storage coefficient is approximately 0.0044.15 This 
means that Farrington and Old Bridge Sands can transmit four times as much wat; 
as the rocks of Newark Group under a given hydraulic head and through a given 
width of section. The difference in the capacity of the Newark Group to store 
water is even more striking. For one square mile area and 300 feet of saturati 
thickness Newark Group rocks would hold only 275 million gallons of water. By 
comparison 80 feet of the Farrington Sand would hold 5,360 million gallons of' 
water for the same area. The low storage capacity explains the high rate of r. 
off and low ground water flows observed in streams draining areas underlain by 
Newark Group formations where there is no permeable cover material. 
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TABLE 4 

IIYIIKOCEOI.OCIC CIIAHACTLKI STICS OK UNITS (IK Tilt HAH I I AN HIHMA II i lU 
HlOllLIStX COUNTY 

I ' h y u I c a I l ' i i>|>>:i i 

U n i t L l l h u l o g l c Desc r i p t i on 
Averuge I ' o n i b l l y 

(percent by volume) I ' e i u i e u b l l l l y 1 

Hemuiks 

ADiboy hi one-wart 
Clay 

Old B r i d g e bund 

South Aiubny 
F i re Clay 

Sayreville Sand 

Uuudbrldge (.'lay 

larrlugton Sund 

Karl I.in Klie Clay 

Light-gray to nearly black clay; abundant 
carbonaceous materials; l o c a l l y liaa mottled 
red appearance; In aooie places gray to black 
sandy clay; L l g n l t l c . Thickness to 30 feet. 

Wlilte to light-yellow, fine to medium grained, 
occasionally coarse grained, s l i g h t l y mlcaceouu 
Bund; locally contains thin, Irregular clay beds. 
Thickness SO to 110 feet. Dips southeuut 
40 to 4S leet per mile. 

40 1000 - 1500 

Varicolored light-gray, white or brick-red 
clay; l o c a l l y sandy. ThlcknesB to 35 feet. 

Layers of fine white micaceous sand, flue to 
coarse grained white sand, with or without 
clay and arkoslc sand beds. Usually thin 
and lacks continuity. Thickness to 40 feet. 

Dark-gray clay to sandy clay and clayey sands. 
The basal part la varicolored white, light-gray, 
and brick-red compact clay. Thickness 50 to 100 
feet. 

44 10 - 500 

Light-gray or light-yellow, fine to medium grained 
.sand grading Into coarse arkoslc bund sprinkled 
with snail pebblea and gravel In the lower part. 
This sand Is commonly divided by clay luyeiu Into 
two or more parts. Thickness 35 to 115 leet. 
Dips aoutheust 55 feet per mile. 

34 I Jill) - 1500 

Varicolored blue, grown, gruy or red clay, 
basic component hua brick-red color. Thlik 
ness to 90 feet. 

An aquiclude^ 

Host productive aquifer tu 
the karltan Formation and 
the County. Effective In 
take area I s 33 square ml leu 

An aqulclude 

Owing to thinness and lack 
of continuity, t h i s sand 
member i s unimportant as un 
aquifer. So far as known, 
no wells In this area draw 
wster entirely from thi s 
aquifer. 

An aqulclude 

Second In Importance as a 
productive aquifer to the 
Old Bridge Sand. Total 
intake area I s 17 square 
miles. 

An aqulcludu 

Note: Summarized from "The Cr onndwa t e t_ j j j n j j U ^ s of M idd I eaox Cm.nlv, H.J^ Henry C. u.u ksdule. el . .. I . . Slate Water fo l l c y Commission. Special Hepoi 1 
no. a., 1943. 

( u e l l l t l e n t ol pel oieabl 111 y lu the rule o| lli.u u| uulei In Kal|niib per day ihioueli a iiou:. mi I I una I ureu ul one liuuaie loot un.lei u hydiaulli 
ifriulli-i.r r.» inn* *r . i , i . , . 



F. Groundwater Recharge 

1. Natural Recharge 

As was previously stated the Old Bridge Sand is the most productive 
aquifer in Middlesex County and may be the most productive in New Jersey. 
On the whole the intake area of the Old Bridge Sand i s exceptionally well 
suited for absorbing water from precipitation and streamflow and transmitting 
i t to the water table. It outcrops in an irregular band that extends from 
the Raritan Bay near South Amboy to and probably beyond Jamesburg. The in
take area south of Jamesburg is deeply covered by the Cape May and Pensauken 
formations which themselves are quite porous and absorb and transmit water 
readily. Where i t has been defined and mapped the intake, area is approxi
mately 25 square miles with the effective intake area estimated to be some 
J3 square miles. 16 Over much of the intake area the land surface is relative 
flat, hence water doesn't run off rapidly and instead has an opportunity to 
percolate into the ground. The sandy nature of the soil reduces the losses 
oy direct evaporation from soil. The vegetation on the soil is not very 
rank so that evapo-transpiration losses are only moderate. The Farrington 
Sand i s , for much of its area, overlain by permeable soils having excellent 
drainage which in turn allows for natural recharge. 

Henry C. Barksdale estimated that 20 inches of precipitation are 
available annually for recharging the Old Bridge and Farrington Sands.1? 
This is approximately 950,000 gallons/day/square mile. On this basis total 
natural recharge of the Old Bridge Sand would be 31.35 mgd for an effective 
intake area of 33 square miles. Natural recharge for the Farrington Sand, 
for an effective intake area of 17 square miles, would be approximately 16.2 
mgd. 

It i s difficult to estimate natural recharge rate for the undifferentiat 
Magothy-Raritan formation due at this time to the lack of a detailed investi
gation. However, while the Magothy formation is capable of storing large 
quantities of water, i t does not generally transmit i t freely. This means 
that recharge rates would be much lower than has been estimated in Middlesex 
County's Comprehensive Master Plan.18 inference from hydrogeological pro
perties leads us to believe that the natural rate of recharge for the Un
differentiated Magothy-Raritan formation is approximately half of the Old 
Bridge and Farrington Sands or about 0.5 mgd/square mile. 

2. Artificial Recharge 

As a means of increasing the supply of groundwater, attempts have been 
made to use man-made groundwater recharge basins. Ar t i f i c i a l recharge is 
defined as augmenting the natural infiltration of precipitation or surface 
water into underground aquifers by a r t i f i c i a l l y changing natural conditions 
to allow water to recharge. A variety of methods have been developed, in
cluding increasing the extent of water recharge ponds, recharging through 
pits excavations, wells and shafts and pumping to induce recharge from surfac. 
water sources. The choice of a particular method is governed by local topo
graphic, geologic and soils conditions, the quantity of water to be recharged 
and ultimate water use. 
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Recharge ponds are presently functioning to varying degrees of 
success within the Old Bridge Sand outcrop in the Old Bridge-Spotswood area. 
The Duhernal Water System along with the P.J. Schweitzer and Anheuser Busch 
Companies pump for wells adlacent to Duheranl Lake which was constructed in 
1938 in order to enhance recharge to the Old Bridge Sand . Although the 
amount of water that is recharged varies, estimates made in 1969 identified 
chat the average rate of recharge for the 173 acre Duhernal Lake is 67,000 
gallons/day/acre or approximately 12 mgd is a r t i f i c i a l l y recharged.19 In 
recent years, the Duhernal Company has excavated additional recharge ponds 
adjacent to the lake increasing the recharge area to 221 acres. Total 
recharge now exceeds 15 mgd. 

The Perth Amboy Water Department utilizes Tennent Pond within the Runyor 
Watershed for a r t i f i c i a l recharge purposes. This 63 acre pond recharges the 
groundwater at a rate of 80,000 to 90,000 gallons/day/acre. A study conducte 
by Henry C. 3arksdale in 1941 indicated that approximately 5 ragd, or virtual! 
che entire flow of Tennent 3rook, was being used co recharge che Old 3ridse 
;and.^u An additional 100 acre recharge pond on the Deep Run, now in che 
planning and design stage, is expected to increase the yield of the Perth 
Amboy wellfield by an additional 7 mgd.21 The Sayreville Water Department hs 
recently constructed an a r t i f i c i a l recharge pcnd having a total surface area 
of 66 acres. This pond has been designed to recharge the Old Bridge Sand 
and is estimated to increase che yield of che Bordentown wellfield by about 
4 mgd. 

In brief, che safe yield and natural recharge capacity of che Old Bridge 
Sand has been augmented by some 21.0 mgd, as shown in Table 5 below. Grounc 
water withdrawal from Old Bridge Sand in che County is within che natural 
safe yield of 31.0 mgd and total safe yield of 32 mgd. 

At the present time a r t i f i c i a l recharge is not taking place in Middlesey, 
County to increase che productivity of che Farrington Sand. As noted earlier 
groundwater withdrawal from the Farrington Sand is in excess of 13.5 mgd whil 
che safe yield is only 16.2 mgd.22 This strongly suggests chat the safe yiel 
of the Farrington Sand is being exceeded evidenced by the decline in the wate 
cable and resulting salt water intrusion in the Sayreville area. Due to 
che location of several well3 near the Washington Canal and in the zone of 

TABLE 5 

Artificial Recharge Operations in Middlesex County - 1974 

Area of Recharge Pond (acres) Safe Yle 

Duhernal Water Company 221 15.0 
Perth Amboy Water Dept. 6 3 5.0 
Perth Amboy Water Dept. (Planned) 100 (est.) 7.0 
Sayreville Water Dept. 66 4.0 

Total i50 31.0 

/2S" 
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cidax influence of the South River, the salt water interface has advanced 
some one to two miles inland. Several production wells between the lowe-
Raritan and South River tidal reaches have had to be abandoned because of 
high cnloride concentrations. In this area no more water can be pumped 
.rom the Farrington without further accentuating the salt water intrusion 
problem. 

A s a r e s u l t . of a r t i f i c i a l recharge operations within the Old Bridge 
*! s l f f i i l a r l t v i a hydrogeological characteristics of the Farringtor 

and Old Bridge Sands i t may be concluded that the productivity and safe 
yield of the Farrington can be augmented by a r t i f i c i a l recharge. For 
example , the natural rate of recharge to Old Bridge and Farrington Sands i« 
approximately 1,500 to 1,600 gallons/day/acre. The rate of a r t i f i c i a l 
recharge to the Old Bridge Sands and Duhernal Lake and Tennent Pond ranges 
between 67,000 to 90,000 gallons/day/acre. 3y proper location, constructor 
ana operation or recharge ponds on the Farrington outcrop and by proper 
-ocation of pumping wells, che safe yield of the Farrington Sand could be 
-r.creasea-signiricantiy. Specific recommendations for che protection of 
.-arrmgton and Old Bridge aquifers are included in Section V. 

The feasibility for a r t i f i c i a l l y recharging the Brunswick Shale should 
oe viewed from the perspective that the Brunswick Shale is not as uniform 
ana as predictable an aquifer as the Old Bridge or Farrington Sands. Due 
to the nature or the rock openings i t would not be as feasible to practice 
a I C K 1 3 1 r e c h a r g e w i c h t h e Brunswick Shale. It is recommended however 
that the natural recharge be protected through the provision of ooen space 
areas. 

G. Groundwater Withdrawal 

It i s estimated that in 1975 932 of the County's population was served 
with puolic water supply systems. In the more urbanized areas of the Countv 
r' a m e^., c h e n°rthern and eastern sections, public water svstem serves close 
to 100/. of the developed area. In the southern portion of the studv area, 
chere is at present greater dependence on private water supplv systems. 
However, numbers served by private systems are relatively small and are 
expected to be even less significant in the future. 

Due to the lack of detailed reporting there is presently a problem in 
monitoring just how much water is being pumped from the County's aquifers. 
Many wells are accurately reported but many private wells and "grandfather" 
wells are not adequately monitored.23 Through this study an attempt has 
been made to locate a l l wells pumping more than 70 gallons/minute or 100,000 
gallons/day. 

Groundwater withdrawal from the Raritan formation for the years 1966 
and 1973 is shown in Table 6 . It should be noted that total groundwater 
withdrawal declined from 51.8 mgd in 1966 to 49.0 mgd in 1973. Groundwater 
withdrawal from the Old Bridge Sand amounted to 29.0 mgd in 1966 and 25.9 mg< 
in 1973. Groundwater production from Farrington Sand was 17.7 mgd in 1966 
ana 18.5 mgd in 1973. Withdrawal from the Undifferentiated Sands remained 
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TA3L2 6 

Average Grouadwecer Withdrawal 
roa che Raritan Formation - Middlesex County 

(aillion gallons pec day) 

Purveyors 

Jndiffar-
Old Bridge Send Farrington Send entlatad Sands Toeal 

1966 1973 1966 1973 1966 1973 1966 1973 

Cranbury - - - - 0. 141 0.135 0.141 0.133 

i u c Brtmswlca - - 2.550 2.393 - 2.550 2.393 

Edison - - 4.250 - 0 - - 4.25 - 0 -

Helmeets - - - - 0. 021 0.023 0.021 0.023 

Jamesburg - - - - 0. 345 0.423 0.345 0.423 

Old Bridge 1.179 1.130 0.745 2.780 - 1.924 3.910 

Monroe - - 0.500 0.645 - 0.500 0.645 

(Forsgste Water C o . , 
Forsgete Farm, R e l i 
able Water C o . , NJ 
State Home tor Soys) 

0. 620 0.784 0.620 0.784 

Perch Amboy 6.538 -.669 2.793 3.000 - 9.381 •.569 

Plainsboro - - - - - - -

S a y r e v i l l e 2.437 1.311 - 0 - 1.352 - 2.437 3.164 

South Amboy 0.455 0. 735 0.623 0.568 - 1.078 1.630 

South Brunswick - - 0.910 1.630 - 0.910 1.630 

South River 0.306 0.335 0.874 1.075 - 1.180 1.405 

Spotsvood 0.396 0.645 - - - 0.396 0.645 

Unreported Private Wells - - - 2 m 000 2.000 2.000 2.100 

Subtotal 11.361 3.356 13.245 13.943 3. 127 3.365 27.727 25.167 

Industries 

Aahauser Busch, l a c . 0.505 0.961 0.963 1.001 - 1.468 1.962 

Chevron O i l Co. - - - - 0. 250 0.250 0.250 0.250 

Duhernal Water Co. 13.959 13.000 0.828 0.048 - 14.785 13.048 

E . l . DuPont Co. 0.324 0.144 0.052 0.014 - 0.376 0.158 

Hercules Power Co. - - 0.064 0.004 - 0.044 0.004 

National Lead I n c . - - 0.085 0.317 - 0.085 0.317 

P . J . Schweitzer Inc . 2.384 2.959 2.401 2.595 - 5.286 5.554 

3ASF Products - - - 0.467 - - 0.467 

Unreported Wells - - - - 1. 000 1.000 1.000 1.000 

Subtotal 17.672 17.072 4.373 4.446 .0 . 250 0.250 23.950 22.768 

Total 29.033 25.928 17.618 18.389 377 4.615 51.677 48.935 

/*7 
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1 4 • 3 32d. 
relat ively constant between i QAA i o n 

jecween iyoo ana 1973 at approximately 

to d ^ ^ ^ S S S * " ' withdrawal for public use can be attributed 

Perth Amboy had t a c t i o n l / i ? " J ' T ^ *** E d ± S O n 

Sand due to industrial o o l l u r T ^ ? f o ^ " ^ 1 1 ^ i e l d S C a p p i n * t h e ° l d Bridge 
Sand declined from 6 ft I J J C i ° n , i a 1972-73. Total pumpage from Old Bridge 
? A =Ainea trom 6.6 mgd to 4.7 mgd. The Borough of S a v r . ^ n . "xage 

0 mgd reduction 

F a r r i n g t o n l ^ ' i n r ^ ' r public supplies from the 
SuSng t h L S r i ^ C L " S e d f r 0 ° 1 3 ' 4 ° 8 d i a i 9 6 6 to 14.0 mgd in 1973 

the M i L ^ t ^ ^ ^ a e r C o m T ° ^ S h i S " V * * * " S U p p ^ d bv 
now available r o t h e r u s e r r ^ n ' r ^ i 6 1 6 3 8 1 1 1 8 ^ ° ? d i n 

Sand include Perth Ambov Old Brirfo P ? l l C

q

S , " r U S e r S o f c h e Farrington 
Brunswick, and S w t ^ i r O?H ^ B r U n S W l c k ' Sayrevi l le , South 
from the Farrington San L - ' f • ^ l l ? * * ± t S 8 " u n a ^ t e r withdrawal 
v i l l e pumped 1 85 ^ f j ? ? I ? m g d l n 1 9 6 6 t 0 2 ' 7 8 m * d i n 1973. Savre-
Farrington Sand Z t h B ~ I " 1 9 6 6 i C P U m p e d n ° V a C e r f " * the' 
1.63 mgd in 19? 3 . ^nswxck pumped 0.91 mgd in 1966 which rose to 

S a n d s ^ r S ^ S ^ L S S S ? 1 f r ° ° t h 6 B r i d 8 e 3 n d F a " ^ " n 
pany and the F . J ? H h w i S f r S I h " T y ! a r S * 1 1 1 6 ° U h e r i i a l W a t e r C o n i -
17.5 mgd from the Old B r ^ e ^ V f ? Companies pump approximately 
P-P ing approxima^y J ^ ^ ^ r ^ ^ ^ " 

a c c u r a c y 2 ^ ^ ' " ^ f J " t h e ^ d i f f e r e n t i a t e d Sands could not be 

water was pumped or do^JL* , d"*' I n 1 9 7 3 a b o u c 3 ' 5 «** °* 
pumped for i rSus tr° I i ^ " * a « r l c u l t ^ a l purposes and 1.25 mgd was 
estimates should l l T " - 1 ? s o u t h e r * ""dlesex County. However, these 
private w e S ^ a v ^ e ^ l ^ e d 3 1 1 ^ 1 1 b T ~ 3 ^ °< 
i s not p r e c i s e l j know^? l 0 " t e d ' C h e 8"undwater withdrawal from these wells 

i n c o m p ^ t T a t 1 ^ f r ° ° C h e N e w a i * ^roup also remains 
these rocks, a l l weSs ° r 7 * r l°n

 e s t l o a " c h e tota l water withdrawal from 

information provided by t h e T H g P " ° r ^ S ' 0 0 0 8 p d W 6 r e p l o C C e d f r o m 

Owners of these l l u * V ? ' Department of Environmental Protection. 
questionnaire ^ r S ! . ' 1 " 0 " f " " ^ b y C e l e P » ° n e and through a written 
in use at the'present L l r e s p 0 n d e n C s " ? l i e d ^ either the well i s not 

at tne present time or that records of pumpage are not kept. 

i = p o r t ^ n t ^ u b U c e w ; t ^ n f ^ E l i z a b e C h " w n W « e r Companies are the three 
The MiddLsex Water c L ^ r 6 y ° r S ! ? f V ? t h e N e W a r k G r 0 U p w i t h i n c h e C o u n ^ 
and 4.96 mjd in 111* T 7 p u m p e d l 3 - < 5 m 8 d f « » the Brunswick Shale in 1969 
Middlesex Wate? c l l ^ l r M ! ° B f ° T C h e d e c l ± n e i n i s that the i-sex Water Company started to u t i l i z e the Delaware and Raritan Canal 
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in. 1970 as its primary supply source. However, i t 3hould be noted that 
groundwater withdrawal increased from 3.55 mgd in 1972 to 4.96 mgd in 1974. 
The Middlesex Water Company has been selling approximately 2.5 mgd to the 
Perth Amboy Water Departrant due to the dosing of some Old Bridge wells in 
1973 as noc*d earlier. Elizabethtown Water Company pumped 12.S3 mgd in 
1969 and ]2..02mgd in 1974 from the wells in Middlesex County. The Kingston 
Water Company pumped 0.114 mgd for public water supply from the Lockatong 
and Stockton formations in the southwestern corner of the County in 1974. 
Total withdrawal for public supplies was approximately 19 mgd in 1974. 

It is difficult to estimate the groundwater withdrawal for industrial 
use due to the reasons cited earlier. There are approximately 60 industrial 
veils which supply cooling water to industrial plants. The information 
gathered from telephone interviews revealed that a least half of these wells 
are not currently in operation or operate only during emergencies. The 
groundwater withdrawal from 13 wells was accounted for and averages approx
imately 0.857 mgd as shown in Table 7. Groundwater withdrawal from the 
remaining unreported industrial wells is estimated at approximately 3.0 mgd. 

It should be pointed out that many industrial wells which are not in 
full use at this time should not- be considered permanently inactive. These 
wells represent important potential water supply sources and should be care
fully protected from any pollution which might make them unsuitable 
for future use. 

Additional details regarding groundwater withdrawals during the period 
1950-1975 can be found in Appendix C. 

3. Diversion-Rights for-the Withdrawal of Groundwater 

By law the State of New Jersey, through the Water Policy and Supply 
Council, regulates a l l groundwater withdrawals. Some domestic well users are 
generally exempt from State statutes, however, permits are required for the 
withdrawal of groundwater in excess of 100,000 gallons per day (roughly equi
valent to a continous pumping rate of 70 gallons per minute). Users of groun 
water prior to 1947 (the time of promulgation of the water law) were granted 
"grandfather rights" which were based largely on che pump capacity of the wel 
system in operation at that time. Those granted "grandfather rights" were nc 
required to f i l e for authorization in order to continue to withdraw groundwat 
and maintain withdrawal rights. 

Information on present groundwater diversion rights to the Farrington 
and Old Bridge*aquifers, compiled from the NJDEP-Bureau of Water Supply Plann 
and Management, is presented in Table 8. This table l i s t s well owners in 
addition to the authorized and grandfathered diversion rights of each owr.er 
as of 1975. As shown, authorized diversion rights for the Farrington Sand 
were 44 mgd and grandfather rights amount to another 24.5 mgd, for a total of 
68.5 mgd. The quantity of permitted diversions was approximately four times 
greater than the amount of water actually pumped from the Farrington in 1974. 
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TABLE 7 

^n» AI! r*5 a G r o u n d w « e r Withdrawal 
-rom the Newark Group - Middlesex Countv 

(millions gallons per day) 

P u b l i c Sunn Mae 

Elizabethtown Water Company 

Middlesex Water Company 

?̂ Lngston Water Company 

Subtotal 

1969 1970* 1973* 1974 1975* 

12.827 N.A. N.A. 15.018 N.A. 

13.447 7.910 4.960 3.944 3.328 

0.121 0.1C2 0.115 0.114 0.116 

26.395 8.012 5.076 19.076 3.44<£t 

Industrial Sunn Mac 

•Am Col (Edison) 

Dreyfus Co. (S. Plain.) 

Holophane (Edison) 

Kentile Inc. (S. Plain.) 

Parkway Plastics (Piscat.) 

Rhodia Inc. (New Bruns.) 

Other industrial supplies 
(Estimated) 

Subtotal 

-23-

!969* 1970* 1973* 1974* 1975* 

0.042 

0.250 

0.007 

0.350 

0.200 

0.008 

3.000 

3.'857 

no 



Ia che case of the Old Bridge aquifer, authorized diversions amount 
to 34.7 mgd' and grandfather rights were an additional 19.6 mgd, for a total 
of 54.3 mgd. This total contrasts with 30 mgd withdrawn from the Old Bridge 
aquifer in 1974. 

IV 
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TABLE 8 

r l V l A " t h 0 r l 2 e c i Grandfather Diversion Rights from 
the Farrington and Old Bridge Sands in Middlesex County 

Farrington Sand (south 0 f t h e Raritan River) 

Diversion - MGD 
Well Owner 

m 

Anheuser-Busch Co. 
P.J. Schweitzer, Inc. 
Sunshine Laundry 
Hercules Powder'Co. 
Thomas & Chadwick 

Milltown Industrial Sites 
W.R. 5, C.W. Dev 
Mustephla Ahmed 
Charles H. Holster, Jr. 
Badische Products Co. - BASF (Formally 
United Cork Co.) ™».xy 

Phelps Dodge Copper Co. (former owner) 
Joseph Guerriero 
Duhernal Water System 
Joseph Konuk 
Charles Bonkoski 

Edward Collins 
Marvin Hallick 
Arthur Perrine 
Lawrence J. Smith 
Great Bay Chemical Co. 

Cranbury Township 
South River Borough 
East Brunswick Township 
N.J. State Home for Boys 
Old Bridge Township M.U.A. 

South Brunswick Township 
South Amboy 
Forsgate Water Co. (purchased by 
Monroe M.U.A.) 
Forsgate Farms 
National Lead, Inc. 

Perth Amboy City 
E.I. Dupont deNemours Co. 
Sayreville Water Department 
Spotswood Water Department 

(a) Total Diversion Limit 

Authorized 

1.044 
(1.000) 

0.360 

0.140 
0.500 

0.100 
0.360 
0.300 
0.400 
0.576 

0.400 
1.500 
3.000 
1.080 
5.375 

2.750 
0.650 
4.570 

0.540 
5.000 

10.000. 

2.940 
0.382 

44.467 

(a) 

Grandfath er 

0.778 
3.460 
0.070 
7.488 
0.215 

0.288 
0.865 
0.865 
0.710 
0.288 

0.864 

4.610 

(a) 

0.149 

5.000 

26.650 
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TABLE 8 COOT. 

Old Bridge Sand 

Diversion - MGD 
Well Owner 

Duhernal Water System 
W.R. 4 c.W. Dey 
Mustepha Ahmed 
•J.F. Abeel 
E.I. DuPont deNemours Co. 

3.H. Monteath 
Anheuser-Busch Co. 
?.J. Schweitzer, Inc. 
Forsgate Water Comoanv (purchased 
by Monroe M.U.A.) 

Perth Amboy City 

Sayreville Borough 
Spotswood Borough 
George W. Helme Co. 
N.J. Water Co. - Jamesburg District 
Old Bridge Township M.U.A. 

South River Borough 
South Amboy 
jCerr Glass Co. (formally Armstrong 
Cork Co.) 5 

I ranbury Township 
Monroe Township M.U.A. 

(a) Total Diversion Limit 

1974 

Authorized Diversion by Water Policy 
and Supply Council and predecessors 

Grandfather Rights (in addition to 
authorized diversion) 

Authorized 

10.622 

1.670 
2.160 
0.540 

10.000 

2.500 
1.500 

0.850 
2.375 

0.500 
2.000 

34.717 

Farrington 
Sand 

44.085 mgd 

24.501 mgd 

Grandfather 

23.872 <a) 
0.086 
0.086 
0.144 
0.800 

0.288 

6.540 ̂ ) 

0.111 

0.288 

0.149 

TOTAL: 68.586 mgd 

32.364 

Old Bridge 
Sand 

34.717 mgd 

19.582 mgd 

54.299 mgd 
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I I I . EFFECTS OF URBANIZATION ON GROUNDWATER RESOURCES 

upon 2 y U c l t r l 7 ' L l Z ^ T * " p r 8 V t d - / » f * » a n d groundwater depends 
I L M T U ' ^eluding the amount and duration of precipitation the eeo-
s"o£ h a r a c " r i s t i c s of underlying rocks, the structure and conation of the 
d e t t ^ f / ° P ° g r a P h y ' t h B M C U r e ° f f o r e s t c o v e r * infi ltration? surface 
oetention and the land use pattern. A greater amount of surface runoff is *»n-r a 

oS n a t S : ? ^ d a C 6 d V"** ° n S M n d y s o i l s ' ^ f i l t r a t i o n occurs more reac" 
is « S i i f S S : S ) S ? r f a C " - W h U e t h e ^ " a t i o n on sandy s o i l ! and rock" 
, L 8 ^ i i a £ i l t r a c l o a « e a s which are covered or paved with buildings 
arws i s i r e « ! ° a d S S i d e w a l k s i a v e r y low. At the same time runoff in these 

is c o a t e d S ' S S f / a / h * P r ! " 8 S b y W h ± C f a r a i a w a c « a n d • " £ . « runoff " " J ; e " e d ^ h e l d 1 1 1 depressions and are not allowed- to enter a natural 

r ^ a n \ z 1 f s t r 8 f a c L S C e % e

N r U r a l d e " n C l ° n i S °° ^ " h a n * 
off i 5 i " d a t i o n £ ! \ - T ^ P a " e r n 3 n d S l 0 p e s i ^ i " n t l y affect run 
zrass I t l T , I r I a " d e C e n c i o n - ^ e greater the surface slope, be it 
grass, roads or root tops, the greater the runoff and the lower the inf V tratio-

" d u c t ^ ^ f d ! r

t e a t l ° n - " S i ^ i f i c a a C r a d u « * - » infi l tration r e L l t s In a reauccion or grounawater supply available to aquifers. 

A - Urbanization of Recharge Areas 

of u r h ^ n f ! 1 ^ * 1 1 1 8 d i S C U S S i 0 n S e r V e s t 0 b r i e f l y describe the extent and impact 
t r a S t i ^ a r « ° P r i C O n l h e groundwater resources of Middlesex County. Unoer 
S Dave^rL I J ? ! ? ' " 1 d e v e l ° P f f l e n c Practices, 40 to 70 percent of the land are; 
che i 0 t ^ S > " a d S ; u C l l i t i e s > p a r k i a S "eas , etc., depending upon 
l l t l l 60 L f n o e V e l 0 p M a C : I a industrial and commercial developments, approxi-
™ r u L lo l l P e r r e n C 0 t ^ l a n d a " a 1 3 p a v e d f o r a " « s roads, buildings, parking lots, etc. Figure* shows the extent of urban development on the 

" • c S q S ^ c S l ^ i ' u T ' S ; W 3 S m e a S U r e d U S i n * a ° o i n c "ea measures 
a . ^ 7 T >! U C l l l 2 ± I 1 8 U ' S - Geological Survey topographic quadrangles and 1973 

developed

0anrpPa^ l a b l e 9 3 h o w s t h e c ° « l recharge area ard c exopea and paved areas on each of the m a j o r aquifers in the Raritan formatiot 

u r b a n J L 3 ! ^ ! ^ T ' ? t h a t t h e F a r r i a 8 t o n ^ Old Bridge Sands are the most 
urbanized outcrops of the Raritan formation. Of the Farrington Sand's 14,286 
alreadv L L ' V "f I e £ f e c t i v e recharge area 3,472 acres (5.4 sq. miles) have 
t £ l ? L V ? Z r ^ d ? d a C r " ( 3 ' ° 4 S q ' h a s b e « completely pave 
12 62 h**\2 c h e , F arrington Sand recharge area has been urbanized and 
ti^e r e S a r g r j O O P l 5 t e i 7 ° f t h e 2 1 ' 5 3 0 a c r a s < 3 3 -* 1 l l « ) ^ £ effec-

is 19.92 and 10 52 J I ! ( 3 , S ? * q \ B 1 1 M ) h a v e b e e n co=Pleeely paved. This 
tion of t S E ^ i f f h J f ,"5 f e c h a r * e a r e a o f t h « Old Bridge Sands. Urbaniza
tion ot the Englishtown and Mt. Laurel-Wenonah Sands is somewhat less severe. 
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P . r l t a n ' l ™ ^ ^ * « • i ~ v . than on che 
(sand and gravel) ha. been i ! 2 5 « J * B r u n a w i c k s h a l e w l c * permeable cover 
and over sfsou acret o T s l ^ S f i ? V ^ 1 * 8 i ° ' 2 2 5 a c " s <U.98 sq. miles) 
57.32 of tie mapped area ? a C S * 5 ™ " ' J * d e v « i o P e d ' ^ constitutes 
use a c o n s . ™ " . f W . of P ? Q ° C b e M e 9 C l ^ t e d but i f we 
would result a ~ -

u r b a n / s ^ u ^ ^ H ^ f r o » ° P ~ « * agriculture us. to 
are . i f B l S S e i r S S <=^acteristics of the recharge area 
soils resulcSg from J £ L £ j S r " B ° V a l ° f v e * e c " i o n > 'he compaction of 
cover r e s u l t S H Z S T ^ V construction equipment, and the placement of 
Although some 302 £ 60? c t l o a ? £

w ^ ^ 8 . . parking lots/roads, etc . . 
remains in open spice L * f 2 W l t h i a a residential development 
of g r o u n d w a t e r r e c W e ^ 2 1 3 a d v c " ^ affected for the purposes 
oleasane l t l i l . - 5 A t h o u 8 a these areas provide much needed open space fo 
f L ^ S y r e ^ L ^ t T s T i i 2 * ^ P * " ^ " p . b i l i t y of the area i s ' s i g ^ ? 
sent only 502 of £ j J L ^ L f For the purposes of groundwater mSag 
should be considered a T S S i v l T 1 * f " "eidential development 

m 3 8 e f=actively recharging the groundwater system. 

3 ' Impact on Groundwater Quality and Quantity 

in a r S ^ c S r L l h n ^ U t r ^ r 6 1 1 6 °? 8 r T d W a C e r r e C h a r 8 C i S a l s o " £ l a « a d 

vious surfaces S J S . j r i i 2 r ^ i S r i 2 7 °J 1 1 1 6 P i a « * » c °* imper-
infi ltrate and rechalee tnl ^n, ! "duces che opportunity for water to 
carries with i t t l ^ l l t groundwater system. At the same time, urban runoff 
rendering I t unsu^ttb'e J e T " " "f, t 0 * 1 C P o l l u t a a « " 'he surfa C ; water body 
cant amounts o l c t m ^ a l f T 7 U 3 M * S t U d i f t S h a v e s h o w n c h a c s i ^ i f i -
a r e a s T a * s t r e s s Ind"? 3 0 r i ~ ± C B a C a ? i a l a « • flushed from develoc 
=ade stormvater d ' t a ^ f ^ T ' " b * S U r £ a C 8 n a o f f ' W h e r e Q a C u r a l o r ~ -
zroundwa™ r e c h a ^ f ! J f a c ^ t i e s or natural water courses provide for 
runolTil £ ~ P r e n ^ l a l f ° r ? r o u n d w a C e r Pollution as a result of urba 
W u at the * r e l ^ ^ C ^ U a C U r e ° f C h l a Pollution is not precisely 
s ^ e p o u I J o " C l M t b U t U 1 3 c o n s i d a " d to be more toxic c L a common 

yield T i \ l l a q J J a r ^ ^ 1 3 *** ° f t h c F a "ington Sand the safe 
creased w t i S 5 ? ^ " d U C e d w h l l e C h e ^trusion of salt water has in-
Z T e l to b ^ S 6 s a u a ^ i i ™ T ? " 8 * ° f t h a F * « * » « t o a aquifer i s e . t i -
S i onS 15 2 « L l 2 ^ ! i * 5 * S q U * " n i l M 0 3 8 * l r M * > b e e n urbanized leaving only 15.2 square miles available for recharge. A t the rate of 950 000 zal -

S " 7 * . " S T d S i / i e i d ° £ t h e F a ^ « n 1 : e^tLate l^o^e ^44 
gLundw^ter t a b ^ I T t n ^ " f ^ T ^ 8 ' t h e • * P™***. th . 
South i S ™ S - ^ i J b * J

F a f r 4 » « « , » Sand near the tidal zone of the Raritan and 
a n t ^ ^ i c T o t ^ * 1 1 ^ W a t e r f r 0 a t " p r 0 C C e d f Q " h e r i -B^ksdal. i l I " ' 3 ^ 4 0 £ C h J 8 a l ^ w * t e r ^trusion problem was f i r s t noted by 

be pumped from the f* « ^ e s e l f f l a e e d t h a t *o nore than 10 mgd should 
s L t ^ t e r S e r f L l f ^ 1 1 1 ^ ^ " ^ County.25 Since 1943, the 
U « e weUs 2 r t l \ * a d r a n c e d approximately 2 miles. 26 Several 
trationrdurinl ^ " Y * 1 1 * a^ea were abandoned due to high chloride concen-
18 5 S 8 P a 8 C 3 0 y e a " » w h ± 1 « groundwater pumpage increased to 
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TABLE 9 
ater Recharge Area and the Extent of Urbanization -

Formation Total Area 
(Acres) 

Mt. Laurel-Wenon ah Sand 543 42 7.7Z 28 
Englishtown Sand 7,808 350 4.52 270 
Old Bridge Sand 21,530 4,295 19.92 2,260 
Farrington Sand 14,286 3,472 24.32 1,947 

TOTAL 43,130 8,159 18.92 4,348 

Developed Area Percent Paved Area ?e 
(Acres) of Total (Acres) of 

5 

3 

10 

13 

10 

/3£ 
-29-



Ia addition to the salt water intrusion problem in the Farrington Sand, 
unsewered urban development within the intake area of the Lawrence Brook 
threatens ground as well as surface water resources. It is estimated that 25 
co 30Z of the septic tanks ia the Lawrence Brook Basin are adversely affecting 
groundwater quality. This pollution is a major threat to the groundwater 
derived from the Farrington Sand aquifer. Since large areas of the Farrington 
Sand in the Lawrence Brook Basin remain undeveloped and in order to protect the 
valuable ground and surface water resources of the County, sewerage service 
should be provided to the presently unsewered development while insuring that 
all new developments that do occur do not result in adverse impacts to water 
supplies. 

Disposal of industrial waste has been another manifestation of the effect 
of urban development on water supply sources. Industrial pollution of 
groundwater adjacent to Prickett Brook,(near. Perth Amboy's Runyon wellfield) 
resulted in the closing of wells in the northern section of the watershed. 
Chemical pollutants consisting of lead, zinc, cadmium and other heavy metals 
polluted wells and surface waters of Tennant Pond. One portion of the well-
field, pumping approximately 2..5 mgd, had to be abandoned because che 
groundwater aquifer has been contaminated. This wellfield area will not be 
productive again for several years.27 

The utilization of swamps wetlands, or low-Lying lands for the disposal 
of waste material has been common practice in New Jersey for many years and 
has come to be a major source of groundwater and surface water pollution. Im
properly located and poorly operated sanitary landfills have had significant 
adverse impacts on ground and surface water quality where runoff and rainfall 
have been allowed to flush toxic materials from santiary landfills sites into 
rivers and streams and to percolate into groundwater supplies. Three major 
sanitary landfill operations are presently underway in the Edison and East 
3runswick areas immediately adjacent to the Raritan River and within the Farri 
con Sand outcrop. A fourth major landfill is in operation in Sayreville, alon 
the South River and within the Old Bridge Sand outcrop. The ispact of these 
operations on groundwater quality has not been monitored in the past. Such 
monitoring should be instituted as soon as possible. 

A major water quality problem results from the open dumping of wastes. 
Such operations have been banned by the N.J. Department of Environmental Pro
tection. A major industrial dump located within the upper reaches of Deep Run 
(within Burnt Fly Bog and over the Englishtown Sand outcrop) was closed by 
NJDEP several years ago, however, pollution from the site may s t i l l be affect
ing the Deep Run and nearby area groundwater. 28 

The groundwater pollution problem affecting the Newark group is more com 
plicated due co -the nature of the formation. Since the pore spaces in these 
rocks consist of cracks and crevices of secondary origin interconnected at 
all angles, water in these rocks moves at relatively rapid velocity. Once a 
pollutant has entered these rock*, it moves quickly and has relatively little 
opportunity to be filtered out. La order to protect the groundwater resources 
of the Brunswick shale, disposal of wastes in or on these rocks should be pro
hibited. In the absence of 3uch measures existing and potential groundwater 
resources could be permanently lost. 
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~- "eed co Protect Water Resources 

-^»e " 3 ? ! U l d b" p o l l l t e d o u t that as local municipalities and private indus-
l le L ? ' d i f e C t e d " e l i a l M t a Pollutant discharges under retirements ol 
S t l T P ? l l u C l 0 n C o n » 0 1 A « ("72) and Clean Air Act U^O) t^ev 
A t L i j J a r d S a l C a r a a c l ™ **"e disposal methods and sites, Underground 

M

 o ; L r S "'J*™ "? " « a « i v a alternative, however, the 1 9 7 2 ^ % , 
of waste miter^H i f ̂ X A " A a e a d a e a " Prohibits underground disposal 
•ourles ^ J I ^ I i I t h"«tens the quality of ground or surface water re-
l ^ r l l r ^ P ! ° f S r o u a d w " « pollution is more severe and complicated 
mett u L l f ^ f a S ! ^ p o l l u t i o * the nature of groundwater rn^v" 

b f L l l ^ . I ! 1 1 ! k a ° W n * W h U e a o m e e f f e c « o f a » £ * « pollutionlln 
£ l £ m ^ a ! C h T ? U g f a n a C U r a l " r a t ± o a > -edlaentation and bacteriological met 
tedoT'oS! V P Q l l f t a a t t h e groundwater system i t may never be elimina 
ed J L « « y H * l 0 n ? P e r ± 0 d ° £ t l a c - w e l l s m d o i l f i e l d s may be rent 
a l f e t ^ t h 8 J° C a " l M S ' ^ a t times intentional waste discharges which 
affect the quality of groundwater resources. 

^ , r ^ the population of the County rises and water resources become more 
t h e f uture, the protection of the County's surface and groundwater* 

polluton becomes increasingly urgent. At the same time in order to oro-~ 
.ice tor water supply requirements, the productivity of watersheds and ground 
water aquifers needs to be maintained and enhanced. Groundwater resources 
would assume a greater importance as a source of water supply in the County 
as surface water sourr.es are utilized to capacity. In order to have a contin
uous supply of water i t is essential that the amount and type of urban 
development on the groundwater recharge area be carefully planned, directed 
and controlled. If these valuable resources are allowed to be depleted while 
searching for short term gains (such as tax ratables), the County and its 
people would stand to lose much over the long term. 

< u ^ A d d r e S S l 1 1 8 C h e P r o b l e m s o f protecting groundwater quality and quantity 
in Middlesex County requires detailed analysis and evaluation of the specific 
problems facing each drainage basin in the Countv to identify precisely exis
ting problems and potential solutions. This element of water planning has rece-
oeen addressee under the 208 Water Quality Management Planning Program which 
provides federal funds for planning in areas such as Middlesex County with vat. 
quality problems resulting from point (industrial and municipal effluent dis
charges) and non-point (runoff borne pollution from urbanization, agriculture 
mining,) sources. 
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IV. MEASURES TO PROTECT CRITICAL ENVIRONMENTAL RESOURCES 

c r £ L a ? e ^ " - - i n , preserving and protecting 
accomodated without sacrificing t t l j l " * g r ° W ± n g U r b a n P°P"^tion be 
is becoming increasing^ fopiren^Trltr " l t h ± B i t S b o r d e r s ? ^ 
hensive evaluation of i L l l t l t T r < 6 C o U n C 7 n u s c u n d « « a k e a compre-
the Federal and State ^ S ^ ^ - J ^ - t i n g 

« ™ l £ ^ * a ^ h ^ e * i S t S t 0 c o r r e « t h e i l l s of urban 
- n t a l goals a n d ' s t L S s ^ e ^ n t ^ ^ ' ^ — t 0 a c ^ ™ r o n 

hat technology wi l l solve only part o / t t e i J ^ T ' Z ' " b e e n " ' ° S » i " d 
trola are largely caoital intensive and « «™ b e C 3 U S e C e c h n ° l o g i c a l con-
wita a l l problems. Part of the answer 4 \ £ I " ? a v a i l a ° l e to deal 
:o come from preventive measures ^ T / w J ^ e n V i r o n a e n c a l Problems wi l l have 
ceptions and attitudes in order to ? e c t Z l , t r l ^ V 3 b 3 S i C C h a n * e i a P « -
or cr i t i ca l environmental « , " r « . ^ S i S r i a t % P ^ ± n ? ^ C h e P « C e « i o n 

= ^ . 7 ^ ^ - - r 
regulations are meant to P r o t e c t ^ n e ^ 

P r e s e t o^en^ace a . r L ° L e r ^ t i o n ° a r : r e W T ^ 1 ' ffl«h°d* to protect and 
protection of groundwater r^cCrge a r e L fn. K b e S C r M S e d C h a c c h e 

gram to protect other cr i t ica l rf L T h ° " l d b e ""^idered part of any pro-
wetlands, marshlands woodlands and f l n L i ^ U d i a g p r l M ^ ^ ^ 1 land? 
should not be viewed „ l ^ Z " ^ ° ° a p i a l n s - ™ * review of 

measures 
- v i d e t h e reader v l c h ^ ^ S ™ e ^ 1 ^ L r S ^ . - t - i ' d " 

A. Land Regulation 

governed1^ L " ? ^ : ^ " 1 : " ? • » » « » P^ncipai that in a societv 
and Propercy t . ' p S S T J h T S j ^ J E h S T * " 1 * " e l a t i o n of their l i b e r a 
The police power is e x e r e l . J ,1 b y c a r e l " = « d unscrupulous actior 
morals, comrort and « £ r a ! w e l L ^ T P r ° n ° " C h e " u b U < : h " ' < » . safetv 

— s l o n and s l t e ^ ^ ^ ^ W ^ ~ ; 

B - Zoning Ordinal-

snvirotSaTre^ou'rce] and* ^ " L ^ ' f U C i l i t 7 I n « ± t ± « l 



but allow other uses in the same district. For example, agricultural zoning of 
this type would also allow residential uses within the same district. I f , as 
in Middlesex County, the rate of urbanization is high, this type of district 
will succumb to economic pressures for rezoning co higher, more intensive uses. 
"Exclusive" zoning allows only the type of use specified or a use directly 
related to the primary use and would probably be more effective than cumula
tive zoning for the preservation of groundwater aquifers. I t i s , however, 
more likely to be subject to legal challenge i f i t prevents land owners from 
obtaining a reasonable economic return. 

Despite these problems, recent trends in zoning laws hold some promise as 
a means of encouraging the preservation of open space and other c r i t i c a l natur: 
resources. New Jersey has adopted as law the Flood Hazard Area Act (1972), th< 
Wetlanda Act (1970) and the Coastal Area Facilities Review Act (CAFRA, 1972), 
each of which authorize Land use controls for the purpose of protecting 
natural resources and regulating development. At this time, however, there is 
no comprehensive land use legislation which would provide for che protection 
of other c r i t i c a l natural resources such as groundwater recharge areas, water
shed lands, woodlands, prime agricultural land or unique geologic, biologic or 
historic sites. Such legislation is urgently needed to protect New Jersey's 
rapidly vanishing resources. New Jersey's Wetlands Act only covers tidal wet
lands within a specific area and does noc protect inland freshwater marshes. 
In addition, CAFRA only covers a small area in Old Bridge Township in the 

In spite of the shortcomings in State government authority to act to 
protect New Jersey's resources, significant resources can be protected through 
application of existing laws. New Jersey has adopted enabling legislation per 
mitting municipalities to include special provisions for Planned Unit Develop
ments (PUD) in their zoning ordinances. This concept permits flexibility in 
che density and physical design of single or multi-use land development pro
jects which can be used to provide protection co environmentally c r i t i c a l or 
significant portions of a municipality which would otherwise be developed in 
a traditional and potentially harmful manner. Under PUD regulations, structu: 
and related facilities can be clustered in certain areas with protection co 
other areas through designation as open space. 

At the present time the authority for resource protection rests in the 
local power to regulate land use. However, for economic and political reason: 
land use control has been loosely applied at the municipal level, for the most 
part, merely to protect existing land uses, maintain property values and 
foster development that wi l l increase the community tax base. Furthermore, 
there is doubt that the zoning approach can, in the long run, provide the 
degree of environmental protection needed without constituting a taking of 
property without just compensation. 

C. Official Map 

In New Jersey, cities, villages and towns can designate parks and play
grounds as well as streets, highways and parkways on an official map. Howev 
maintaining the integrity of an official map requires the municipality to be 

County. 
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empowered to deny building n e ™ ^ t « 

area. m N e w Jersey, ^ L i p a S t i e ^ V S T ™ ' ^ J " * ̂ S * * d " ^ a t e d 
setting out proposed open a n a ^ o n ^ . J T ' P O W e r ' * N e v«theless, 
aap is useful i f only to put d l v S L i S S e r v a c i o n a«as as part of the official 
intentions. As a first s t e l t l H ? J . °° n ° C i c e a s " c h e "municipalities' 
environmental resources ^ d ^ 2 B T S S ^ ? H ' ? ? , t A d 

away from these areas. Q e v e i ° P Policy guidelines to direct development 

D- S u b d ^ i o n and Site » M 

a basS, ^ o ^ t ^ ^ regulations could provide 
County. The regulation can servf^o 8 C r ± t l c a l environmental resources in the 
building design arrangements t r o r o v i S C ? U r a 8 I ^ 1 U 8 t e r i a g 0 C h e r s i t * and 
important, land develops can be < / a d d l c l o n a l o p « space. More 
their land (up to 602)Top« ^ ' ^ V ? 1 1 " " P ° r C l 0 n s <* 
-or groundwater recharge a s ' w e l ! V ^ e t o S ^ " ^ . ^ . 6 0 ^ 

^ " A » n L ^ regulations, there is a broader 
-his prohibition would be based n l l 8 I d e v e l opment purposes entirely, 
duly adopted master plan wSch i n d L r * T ^ * 1 i n f r a « i o = but rather ol a 
suitable for conservation of ? * C h a C t h e a r e a i n ^estion was more 
floodplains, p r i m e " g " i c u i t u r a ^ i T ^ l T ^ t ( i n c l u d i n * w a " r s h e d lands 
Plat approvals require comoUanc^K ? r f c h a r 8 e a " a s ) . In most cases, 
If local governments havHionted £f P l a n S ° r o f f i c i a l ••»•. 
identified open space and c o n s e r l r ^ " b O C h ° f t h 6 S e " * i f t h e ? n a v«* already 
rationale for withholding' ^ s ^ - a d d i r i o n a / 

it is Strongly ^ c t r ^ e d l l l T c Z l X ^ ^ J T ^ »co«r,. capacities 
construction of multi-purpose detention L d S U b d l v i s i o n regulations require 
approval. These ponds'cS s e ^ s e ^ a ? ^ / 3 " C ° n d l t i o n f o r panting 
runorr from the develooment anTMlI 1 Z Purposes; they would retain 
:or groundwater rechar- ™ b y r e d u " o i £ ' s ^ flooding; provide 
pollutants reaching S surface6 and' f U t t r t 0 r e d u " ^ ^ of 
recreational opportunities for the r l l T I b ° d i e S ; ^ W O u l d e n h a n c e 

these ponds, while relatively L i ^ J ? " V * t h e d e v e l oP=ent. However, 
tenance and ̂ n a g e m e n r ^ p r o t e c ? ^ " b U ± l d ' W i l 1 r e q u i r e c a r e f u l ^ 
of fertilizers on land surroundIL ^ ? eutrophication. The application 
the pond bed would have to I T t t l J P ° n d S W l 1 1 h a v e " b e minimized and 
tion of recharge to the a q u i f e r s ^ f " 1 1 ^ d r e d ^ d to allow for the continua-

tne aquifers and to maintain overall pond capacity. 

E* Provisions of Utility s.^,,... 

^ ^ f ^ W l t h C h e b-dens 
sibility to provii t h J ^ c e s s a ^ Buhw " k e e P a b r e a S C o f c h e r e s P o n " 
services. The N.J. DeparmentVr \ U C l l i t i e s > Including sewer and water 
imposed construction ban^n th?f

 E n V l r o n m e n C a l Protection at one time had 
won bans on three municipalities in Middlesex County due 
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co a lack of adequate sever services. While the courts are generally sympacr. 
co the public interests, and while the provision of public services is within 
che police power regulation, they are s t i l l faced with the constitutional ques 
cion of confiscation. The State ban has not been tested in the courts and i t 
nay not be upheld due to the above reason. Traditionally, a reasonable econos 
return must be allowed to the land owner and the assumption made was that ser
vices, i f not presently available, could be provided within a reasonable time 
period. 

I t has now been recognized that land development in areas which do not 
have adequate utility services, particularly sewerage f a c i l i t i e s , may present 
a hazard to the general public health and welfare. In a landmark decision, 
the New York State Court of Appeals in Golden vs. Ramapo (285 NE, 2d 291, 
1972) upheld a Ramapo, New York ordinance which regulates development on the 
basis of the availability of public services. The ordinance is directed at 
che phasing of development in that i t limits development in areas without 
basic services until such services are available. This ordinance operates 
cn the assumption that land areas w i l l eventually be developed, however, it 
allows CLndireccly) for the limiting of development to chose areas suitable 
for development if future provision of f a c i l i t i e s and services is provided 
according co plans reflecting resource and environmental constraints. A plan 
for u t i l i t i e s and other services which clearly identifies areas which should/ 
should not be developed, and regulated by the provision of services to those 
areas with the fewest c r i t i c a l natural resources requiring protection, must b< 
adopted and enforced. In the past the Courts have held invalid zoning ordin; 
restricting land use to flood storage, parking lots, schools, recreational us< 
and open space (greenbelts) and park purposes. Similarly, subdivision regula
tions have been held invalid, inspite of substantial publ— interest, where 
che owner is denied reasonable use of his property.30 Therefore, a mechanism 
which coordinates development with adopted plans and provides a means for 
justly compensating those who cannot develop their lands under those plans 
ziust also be developed. The Ramapo ordinance establishes a mechanism for 
cax abatement on properties affected by the ordinance until such time as they 
are to be provided basic services. More permanent methods of equitable com
pensation need to be developed and implemented. 

F. Compensable Regulation 

To overcome the constitutional objections to development controls which 
deprive an owner the use of his property, conservation and open space obje< 
tives could be achieved by compensating owners for a portion of their loss. 
With compensable regulations a land owner i s compensated for the reduction 
or loss of the property's development value involved at the time the controls 
are imposed. 31 For example, an owner of land in an agricultural district and 
having a market value of $2,000-/acre would be entitled to a compensation of 
$l,200/acre i f the market value of his land is reduced to only $800/acre 
when restricted to only agriculture or some similar open space use. The 
$1,200 in compensation represents the development value of the property 
"caken" from che owner by (police power) regulating the use of the property. 
The owner would not be entitled to the compensation until the property is solt 
because i t is only until the sale that the owner would have incurred any "los: 
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S a u c e d b T l ^ c i n ' e

D U K ? ? C 0 S t ° £ P U J l i C («nd.r eminent domain) 
iation l u t i n g public coat to the development value at the time of regu 

aa a to^ff L ^ s f * * b ° V B a d v a n t a 8 e s compensable regulation has not been uti l iz 
"e general n ^ e , P " S e r V a t l 0 a ° £ P U b l i c ° p e n a p a c e f o r a * * * * * of reasons: 

spetulatJv! 3 T " f P " P a r e d t 0 S C C e p C a p r ° 8 r a a C h a t d « * * * land 
£euncomfortable" S S Int"* ° £ t h e ^ p r 0 P e r C 7 ; C h e P u b l i c **» l e * a l Profession 
unknot w n T e a u « e S L ^ ° f d e v e l o P » e n t rights and are fearful of 
P l e t ^ v s t 0 ^ ! ! h e r e a l e 8 t a t e n a r k e t ; i c requires a relatively com-
com^enlao^ S a S S T " a d a l ^ s " a c i o n consequently, the effectiveness of 
m e n t S " e s o u ^ ^ M t h ° d °J Preserving cr i t i ca l enviro 
that each VZ1 ? ^ b e e n t M t e d ' i s a f a ther practical problem in 
be LvoSed^x i t 1 s C r T " e d ^ 7 *• a public expeLe w i l l " 
t h e ^ I r i l r ™ ! f,"0'1 C h a C e a c h o w n e r i s entitled to the difference in 
e e n ' S a o r £ £ l £ % * * * * * « * * n v a l u e ° f the property, despite what nas 

closer revJIw S 7 f ^ p r o p e r t ? - However, this approach is worthy of 
" " i V 6 d i a C h e ' - a n d may prove a 

G« Public Acquisition 

areas^s w S J L S w T T ' V 0 a C q U ± r e p r ° P e r c ? f o r P a r k and recreational 
S d e l fund! J e " a b l i s h e d . The State, through i t s Green Acres Program, pro-
rlcreati^n o r ° o o r t y 1 < ? C a i 8-ernment to acquire lands for conservation, 
for Soth P a " p u r P ° s e s ' P u ° l i c acquisition offers the opportunity 

l l l r e l l l r [ needs " " ^ ° f ^ U 3 M ^ W e l 1 & S t h e p r ° V i S i o n ° f p u b l i < 

go l a i o B S " l « l T h S S , » i S C l U d l a g M a r t 0 n C l a W S ° n ' S U g g 6 S C t h a C C h e 8°vernment 
Mtir mi) n ? b a n k i Q 8 business as a means of controlling land use develop-

l f Protecting cr i t ica l environmental resources. The proposal is for the 
t ? r o u T t h V 0 b U y , l a n d i n P r l a e d e v e i ° P » e n t and c r i t i c a l environmental areas 
parcels o f \ Z 1 °rt * fund. By selectively disposing or leasing 
could be r e t l E J f P r ° " S S ° f d e v e i ° P » e * t could be guided. Certain lands 
be attached 5 " p e r m a n e n t ° P e n space while specific restrictions could 
leased woufd r ^ r f l ^ t ° T l e a S e d ' F u n d S received from such sales or leases would replenish the revolving fund. 

and Re^na* 8 I ! J ! \ h a S b e ^ 8 u c c e s s £ u l l y l a m e n t e d both in Stockholm, Sweden 
£ \ h e i r o c J f S c h e w a n ^ C a n a d a - Currently, the City of Boulder, Colorado is 
S l f ? a c t I u l r ^ g a large area of land around the City as a means 
r L t r ? c t i L « e ^ 9 P B , e n f - I C i S t h 6 n l e a 8 i n g b a c k t h e l a n d c ° f a ™ e " with use 
T ! ! M ! and retaining some portions for open space and municipal parks. 
In this manner the City plans to retain substantial control over the course 
» . S S I ! d a V e l 0 p n e i l , t W h l l e P r °tect ing important environmental and scenic resources from the effects of urban sprawl.32 
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Theoretically, che "land banking" process could have a major role in f a i t 
and guiding development as well as managing the size or U.S. cities. However 
segments of the American public frown upon such a move on the grounds that < - ' 
.lies m the face or the free enterprise system and again deprives land 
owners or the future speculative value of their land. 

a a w .
T h e " i 3

1

l i t t l e d o u b c « to the effectiveness of these techniques to pre-
11 r L " r a t ty l r o n a«"*J. resources and open space. The primary impediment 
n L I £!?,of E U b l i C a c ^ u i a i t i o n is the lack of funds available for this pur
pose, rfniie the New Jersey Green Acres Program has helped Middlesex County 
acquire open space there remains a need for additional funding to suoport 
further acquisitions. In addition to the restrictions and limitations on 
financial resources there are other objections to the acquisition of land for 
conservation and open space purposes. When land is transferred from private 
co public ownership che property is no longer taxable and che remaining pro
perty owners in the jurisdiction pay a proportionately higher share of the 
overall tax burden. 7h*-r* i, ,1, * n e 

overall tax burden. There is strong political opposition co government owner-
3nip and management of land with many landowners reluctant co relinouish oosse« 
.lon^or their land even for fair compensation. Although che "reservation" o* 
^.nt-cal environmental resources is a commendable objective, che high cost er
rand acquisition also diverts public funds from other priority items. 

a- Conservation Easement 

In principal, public acquisition of (partial) rights to land in the form 
or an easement can economize on the acquisition budget. Under this approach 
cne government acquires the owner's right to development the land, leaving 
nim with a l l other rights to ownership including the right of continued posses
sion. This is known as a conservation easement since che sursose of its 
acquisition is to conserve the environmental amenities of land, air, water, 
vegetation, wildlife and unique areas. Such an easement runs with che land 
and binds a l l subsequent owners. 

Public acquisition of conservation easements rather than fee simple 
ownership has a number of advantages. The cost of a conservation easement is 
cypicaiiy less than the cost of fee simple ownership. Outside the influence 
or urban development, che conservation easement could be acquired at a lower 
cost. There would be less opposition from farmowners to the acquisition of 
such easements because easements for purposes such as groundwater protection 
would protect prime agricultural land, thus allowing continued possession and 
use of their land for farming purposes. The land would continue to be taxed 
and at the time of public acquisition would not impose any appreciable burden 
on other property owners. The property tax should be imposed upon che open 
space and agricultural use value of the land. Property taxes on the easement 
land would not increase as the development values of surrounding lands rise 
and would not be too costly to maintain for farm or open space use. As the 
demand for developable property in the area increases, che owners of che 
developable land will reap che benefit of increased land value and would also 
pay taxes on higher assessment values of their land. 
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n n r J * s * i t B ° £ t h e 9 e ^vantages, che acquisition of conservation easements ha< 
« « « T V r " e ! f e c C i v e C 0 0 1 i a Preserving open space or c r i t i c a l environ-
Z l l l i J Z 0 * ™ * 3 ' ^ ' U 8 e f u l l i e a s ° f conservation easements to protect agricul
tural land, groundwater recharge areas, watershed and marshlands, however, 
should continue to be explored. 

I- Transfer of Development Rights 

The Transfer of Development Rights (TDR) concept is an extension of exist-
planning and zoning procedures which make exclusive agricultural or other open 
space zoning possible. Special zoning districts are established and a l l develc 
ment therein other than farming, conservation or open space are prohibited, 
.or each unit of development prohibited in such districts, a substituted unit 
of development is provided within the zoning which allows growth in the develop 
sections or the community.JJ 

A development right is created for each eliminated unit and is given as 
compensation to the owners of land where development is prohibited (e.g., 
housing unit). Ia order to build the substituted unit in the developable 
section of the community, a development right is required along with the appro
priate zoning and land ownership. Therefore, a builder must purchase develop
ment rights from a landowner in the preserved district in order to build at a 
higher density in the developable zones of the town. The value of the right 
is the sale price arrived at between the builder and the holder of the right. 
::eweu C° t h e U n i t e* d S t a t e s » c&e concept is well known in several nations 

with high population densities including Belgium, Holland and Switzerland, 
inese nations have been able to preserve their character by regulating land 
use and the nature and location of homes, shopping centers and industrial sites 

The concept can be applied to Middlesex County where according to the Blue 
print Commission Report there are 43,000 acres of class I , I I and I I I agricul
tural land. The agricultural value of the average farm is 3310/acre while the 
market value is $2,886/acre. The Development Right value is S2,576/acre or 
S9Z of the market value. 34 ^ m e a a s t h a t f o r e a c h a c r e Q f p r e s e r v e d a r e a 

in^the County developers wi l l have to pay $2,576 for building on the "developab 

The net effect of TDR is the preservation of environmentally significant 
areas with equitable government compensation to owners. The TDR concept has 
merit for use in a number of municipalities in the County and should be con
sidered one alternative to preserve and protect watershed land and groundwater 
recharge areas. The economic implications of such transfer needs further in
vestigation and is already under active consideration by New Jersey's Legislatu: 

Land Taxation 

Although the tax on land in the United States has been consistently appliec 
as a tax on current market value, nineteen States have enacted some form of 
modified property tax for application to agricultural lands. Some fourteen 
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States have an alternative tax for forest land. In some of these States the 
modified tax applies to a l l kinds of open space land, including farms, forest 
wetlands and other similar wild lands. 

The undesirable effect of ad valorem property tax is that i t tends to 
force premature subdivision and a change in land use. Use value taxation is 
a device which can prolong the l i f e of privately owned conservation areas 
and open space. This method taxes property at the actual value in i t s presen 
use such as farmland or woodlands and not on i t s higher zone value (the 
speculative value). The owner is Less likely then to be taxed into selling 
the land prematurely. The New Jersey Farmland Assessment Act of 1964 has 
helped to halt the conversion of agricultural land for speculative purposes.3 

The Blueprint Commission has recommended that 70Z of the class I , I I and I I I 
agricultural land in the County should be permanently set aside and protected 
from urban sprawl. 

The validity of assessing other open space and conservation land on che 
use value may be questionable under existing legislation and practices. The 
wider implications of che Farmland Assessment Act to protect watersheds and 
recharge areas in conjunction with protecting prime agricultural land needs 
rurther investigation. I t is recommended that in order to protect important 
c r i t i c a l resources such as groundwater recharge/outcrop areas, floodplains, 
watershed lands, marshlands, wetlands, unique cultural and educational sites, 
such land should be taxed on the basis of their use value rather than specu
lative value. Where a municipality is heavily burdened by such taxation, 
the State and County should identify the opportunity to provide some payment 
in lieu of taxes. 

K. Technological Controls 

As was previously mentioned, che safe yield of the County'3 aquifers 
could be increased by a r t i f i c i a l recharge. Ar t i f i c i a l recharge could be 
accomplished by infiltration or injection. The primary difference between 
chese methods i3 the driving force behind recharge. With infiltration the 
driving force is gravity, whereas with injection, i t is mechanical (pumped). 
The choice of a particular method is governed by local topography, geology, 
soil conditions, the quantity of water to be recharged and the ultimate 
use of water. 

Artificial recharge through infiltration has been practiced in the Sayre-
ville/Old Bridge area for some time and has increased the yield of the Old 
3ridge Sands aquifer by 21 MGD. At the present time no other formation is 
being a r t i f i c i a l l y recharged. The source of recharge water in a l l cases 
is runoff water stored behind a small dam. No injection wells are used to 
recharge the aquifers at the present time, but the uti l i t y of a series of 
injection wells to control the intrusion of saltwater into the Farrington 
Sand needs to be considered. 
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In many localities across the United States secondary and tertiary treate 
wastewaters are being used to recharge groundwater as well as for agricultural 
and industrial uses. When other sources of freshwater are exhausted the reuse 
of reclaimed wastewaters would offer an additional source of recharge water i t 
the County. At the present time the use of reclaimed wastewater for potable 
supply purposes is not encouraged due to the many unresolved questions with 
respect to quality of the water and effect of toxic substances that may be 
present. If reclaimed wastewater is recharged for drinking purposes i t must 
meet the U.S. Public Health Drinking Water Standards, The quality of recharge 
water must then be equal or better than the native water in the aquifer. Use 
of highly treated effluent from the Middlesex County Sewerage Authority treat
ment plant for injection wells recharging the Farrington Sand in the Sayrevill 
area as a means to control saltwater Intrusion offers a challenge. However, 
it should be noted that technical difficulties remain in the use of injection 
wells and s t i l l require careful planning, design, construction, operation and 
maintenance. 

At this time, recharging reclaimed wastewater on agricultural lands 
remains a distinct possibility in the County and one which deserves further 
attention and investigation. Wastewater treatment fa c i l i t i e s and agricultura. 
lands are located within reasonable proximity and the recharging of such 
effluent may prove a safe and cost effective means of disposing of treated 
effluent. 

In the recent years there have been several promising experiments with 
porous pavements. In order to reduce the impact of urbanization within 
recharge outcrop areas i t is possible to construct porous parking lots to 
serve residential, commercial and industrial developments. Compared to con
ventional pavements, porous pavements reduce runoff and allow for greater 
infiltration of precipitation to the groundwater system. This would also 
result in the reduction in the amount of runoff reaching surface water bodies 
and may contribute to a reduction in flooding. This option should be further 
investigated to more fully assess its application in Middlesex County. 

Artificial recharge, through any of the above measures requires safe
guards to insure that pollutants are prevented from entering groundwater sup
plies. Where adequate filtration i s present before recharge water reaches 
an aquifer some pollutants w i l l be removed. However, periodic monitoring 
will be required to insure that toxic pollutants, including organic chemicals 
or metals, do not enter the County's water supply. I t i s evident that the 
control of a r t i f i c i a l recharge facilities i s required and protection must be 
provided to prevent developments to affect their water quality. The preven
tion of groundwater pollution also entails consideration of pipeline and 
sewer locations. The potential for leakage from pipelines or sewers into 
aquifers exists unless precautions are taken in the construction and opera
tion of such facilities to minimize such leakage and monitor for breaks or 
exfiltration. Such facilities should be carefully located to avoid aquifers 
wherever possible. 
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L. Water Conservation 

Water conversation methods could increase the effective safe yield of the 
County's water resources. 3y reducing leakage in the conveyance system sub
stantial amounts of water could be saved. Installing water conservation 
devices such as low-flow toilets (which use only two gallons of water as 
compared to the present five gallons) would decrease overall water supply 
requirements as well. Excessive lawn watering should be reduced by permitting 
watering only on certain days. More equitable rates for industrial water 
users could indirectly serve to enhance or protect water resources and their 
impact on safe yield should not be overlooked. By requiring water con
servation devices and measures in plumbing codes, conservation could be made 
more effective to conserve and prolong the life of available water resources. 
For a more detailed discussion of the opportunities for reducing water con
sumption through conservation see "Water Conservation in Middlesex County " 
(March 1978). 
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V. RECOMMENDATIONS FOR PROTECTING 
MIDDLESEX COUNTY'S GROUNDWATER RESOURCES 

The urgency to protect the County's remaining c r i t i c a l environmental and 
cultural resources need not be overemphasized. I t i s evident from the previous 
discussion that several measures and techniques are currently available to 
protect surface and groundwater resources. I t is the purpose of this section 
to present and discuss both general" and specific methods suitable for main
taining the safe yield of the County's water resources. 

A majority of the surface waters in the County with the exception of the 
Lawrence Brook and the Delaware and Raritan Canal, already have serious water 
quality problems and are unfit for potable water supply purposes. On the other 
hand most of the groundwater resources are s t i l l potable except those in the 
tidal zone and within specific portions of the Perth Amboy wellfields. As was 
described earlier groundwater resources need special measures for protection 
because once polluted they are difficult i f not impossible to reclaim. 

A. General Recommendations 

A fi r s t step in this process of protecting the County's resource should 
oe to map and delineate in detail such areas of concern. Areas with the greates 
concentration of environmental resources should be declared "conservation dis
tr i c t s / c r i t i c a l areas". Utilizing municipal zoning powers these areas should 
then be designated as open space and conservation areas with strict development 
criteria and standards carefully enforced. In order to implement such a policy, 
a combined program of zoning, compensated regulation, public acquisition, 
conservation easements and transfer of development rights could be useful tools. 

Flood plains and watershed lands should be included in such a mapping 
effort and designated as a water resource management area. Similarly woodlands 
marshlands, wetlands and unique natural and cultural sites should be also de
signated. If local municipalities choose to have stricter regulations then 
existing State regulations they should adopt such regulations under the State 
Charter. The following is a l i s t of the actions which are recommended for 
immediate implementation. 

- Utilizing municipal subdivision regulations/powers, groundwater recharge 
areas could be protected by establishing 50Z open space requirements. 

- No unsewered development should be allowed in aquifer recharge areas 
to protect water quality. 

- Planned Unit Development regulations should require construction of " 
recharge ponds when development takes place within recharge areas. 
These ponds should be carefully maintained to insure their recharge 
capacity. 

- Building Construction Codes should be revised to encourage use of 
water conserving applicances and plumbing fixtures in hew developments. 
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- Subdivision regulations and construction codes shouid encourage 
the use of porous parking lots to reduce urban runoff and pollution 
and increase infiltration. 

- In order to protect water quality industrial plants within ground
water recharge areas and adjacent to water courses in the County 
should be identified and the type and amount of their waste effluent 
determined. Such an inventory is urgently needed to protect water 
resources from pollution. 

- Ground and surface water quality should be monitored on a systematic 
and expanded scale with the cooperation of the NJDEP, U.S. Geological 
Survey, local water companies, sewerage authorities and municipalities. 
Such a program is essential to prevent future pollution and as a 
neans of identifying existing pollution sources. Such a monitoring 
system would also act as an early warning system-for the management 
of the County's water resources. 

- Water withdrawals should be monitored on an annual basis with the 
safe yield of the aquifers confirmed periodically to account for land 
use changes. The County's monitoring program initiated by this study 
should be continued in the future and should provide a better under
standing as to where we stand with respect to available water supplies 
and what specific programs are required to meet the future needs. 

3. Specific Recommendations 

The following discussion serves to outline specific recommendations for tht 
maintenance of the quality and quantity of Middlesex County's aquifers and is 
sased upon research carried out by this studv suoplemented by chat of Middlesex 
County'3 Water Quality Management Program (October 1977). 

1. Old Bridge Sand 

During the last twenty years, development on the Old 3ridge Sand recharge 
and watershed area for housing, commercial, and industrial purposes has changed 
che character of the waters:.ads considerably. This region's ability to continue 
providing water supply is based increasingly on i t s ability to use the surface 
water flows in Prickett 3rook, Tennant 3rook, Deep Run, Manalapan Brook, 
Matchaponix Brook, Iresick Brook, Cedar Brook, and South River for recharge intc 
che groundwater aquifers. 

The potential loss of the Old Bridge Sand would not only affect Middlesex 
County but Monmouth County as well. While further development in the above 
noted watersheds may be necessary, a l l governmental agencies must be made 
aware of the importance of protecting and maintaining and quality of this 
natural resource. Until recently, the broad effects of new developments on 
watersheds have not been seriously considered. 
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The water producing capacity of the Old Bridge Sand could be maintained 
and enhanced by the proper location of supply wells and recharge ponds. In 
order to assure the future water quality and supply of the area i t is 
recommended that: 

a. Watershed and floodplains of Tennant Brook, Deep Run, Prickett 
Brook, Iresick Brook, Manalapan Brook, Matchaponix Brook, Cedar 
Brook and the South River be declared multi-purpose resource 
conservation areas and be protected from development. 

b. The rehabilitation and maintenance of Helmetta Pond and Lake 
Marquerite should be undertaken for both recreation and resource 
conservation purposes. These, lakes once restored should be care
fully protected from development to maintain groundwater and 
surface water quality. 

c. Development of projects on the South River (the proposal for 
a South River Dam) or the Raritan River below the confluence with 
the South River (the Crab Island Dam) are designed to prevent 
brackish water from entering the Lower Raritan and South Rivers 
and would provide additional fresh water for recharge purposes and 
protect local area wellfields during low flow periods. 

d. Location of industrial and commercial developments on the Old Bridge 
Sand and within the above watersheds should be carefully monitored 
for water pollution problem sources. 

e. Surface and groundwater should be more fully monitored by the 
NJDEP and U.S.G.S., to act as an early warning system in the 
detection of pollutants entering the area's streams and ground
waters. Such an early warning system would allow steps to be 
taken to prevent pollutants from entering the groundwater system 
and immediately locate pollution sources so that remedial measures 
may be undertaken without delay. 

f. Continuously monitor groundwater withdrawal from the Old Bridge and 
Farrington Sands so that total safe yield of the aquifers i s not excee 
(Groundwater pumping data should be obtained from State files and 
private water users.) 

2.. Farrington Sand 

As indicated earlier, the Farrington Sand is a major source of water suppl 
for East Brunswick, South Brunswick, Old Bridge, Perth Amboy, South River and 
Sayreville. At the present time groundwater withdrawal from the Farrington 
Sand amounts to more than 18.5 mgd while the safe yield is an estimated 16.2 mg< 
(meaning that the safe yield of the Farrington Sand is being exceeded). In 
combination with increased pumping and reduced natural recharge due to urbani-
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zation on the Sand, che water cable in Farrington has declined and sale water 
intrusion has resulted. Due to the location of several wells in or near the 
cidal reaches of the South River and Raritan River and due to overpumping the 
aait water/fresh water interface has advanced some 1 to 2 miles inland. 
3 ! T S r f : g" W * i l 3 i a C h c S a y r e v l l l e area have had to be abandoned due to high 
cnioride contents. 

- A X ? o r d e r C o P«cect and manage the groundwater resources of the Farrington 
bancs i t is recommended that: 

a. Groundwater withdrawal from the Farrington aquifer be limited in 
the South River Basin area to its safe yield. 

o. The recharge capacity of the aquifer should be maintained and en
hanced. The following specific recommendations are offered: 

1. The natural recharge capacity of the aauifer can be 
maintained by keeping 40 to 502 of the total area in ooen 
space in a near natural condition. This would allow 
for natural and urban runoff to percolate and fi l t e r 
through the Sands thereby reducing the amount of pollu
tants that would reach the surface and groundwater system. 

2. Natural recharge can be augmented by providing a r t i f i c i a l 
recharge basins or ponds adjacent to the location of pump
ing wells. Sawmill Brook, Bog Brook, 3eaverdam 3rook, 
Ireland Brook, Great Ditch and other smaller tributaries 
draining the Farrington should be protected from urbani
zation by their designation as resource conservation areas. 

At the present time the above noted brooks drain into che Lawrence 3rook 
system. As urbanization continues within this area these brooks will carry 
sore runoff than at the present time in addition to carrying urban runoff 
pollutants. The natural groundwater recharge which would be lost due to land 
development could be compensated by providing well designed, operated and 
maintained retention basins and ponds. 3y proper coordination of wellfields 
and recharge ponds, i t is estimated that the total productivity of the Farring
ton Sand could be increased in che same manner as che productivity of the Old 
3ridge Sand. Recharge ponds may also provide for a reduction in the pollution 
loads reaching the water supplies of the Lawrence Brook. 

An exact estimation of potential recharge from these ponds is difficult 
co develop and would depend largely upon local geological conditions. On the 
basis of known hydrogeologic and soil characteristics and properties of the 
Farrington Sand however, i t could be predicted that a 100 acre recharge basin 
within the Farrington Sand, when properly constructed and managed, could have 
a potential yield in excess of 5 mgd. The effectiveness of recharge ponds , howc 
would depend upon che groundwater table, che location of pumping wells and 
proper maintenance of che recharge basins. 
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d. 

Existing and abandoned sand mining operations within the Farrington 
sand outcrop area should be viewed with a new perspective for 
providing retention basins for storm runoff and recharge ponds for 
groundwater recharge. Instead of abandoning these areas a f t e r 
mining, provisions should be made to require 3 to 4 feet of sand 
bed to remain in each excavation for groundwater recharge pur
poses. If properly managed these sand pits could provide for 
water pollution control, recharge and recreation. Such re
clamation is already practiced in Wisconsin and other areas. 

T h ! , a ; S ' , G e 0 l 0 g i c a l S u r v e y i s i n t n e f i n a l stages of completing 
a digital simulation model of the Farrington aquifer which should 
be ready for use in 1979. This model has been developed on che basis 
or the present understanding fo the Farrington aauifer including a 
large number of existing well logs and pumping tests. The model 
has been calibrated by matching computed declines in the water 
level surface with actual measured water level changes. Such a 
model provides a method for predicting the effects of pumning new 
farrington wells on regional water levels and is based largely on 
assumption that hydraulic properties of the aquifer will remain 
reasonably constant, although this may not prove to be the case. 

This model may also provide a useful method for estimating the 
regional effects of proposed areawide Farrington diversions and 
as a means or evaluating individual Farrington diversion applications 
However, in the event a new diversion i s requested, specific in
formation on the hydraulic properties of the aquifer will s t i l l 
have to be obtained by well testing. I t i s also expected that such 
a model will provide information on the effects of Farrington pumn
ing on water levels in the Old Bridge, however, this will have to' 
be verified by the measurement of groundwater leakage under controlled 
pumping test conditions. The model may not be capable of analyzing 
the effects of pumping on the intrusion of salt water into the' 
Farrington although this can probably be analyzed indirectly from 
the results. 

Efforts should be made to obtain access to such a model as soon as 
possible for use as a planning and management device. The County 
itself should look to developing the capability to use this type 
of tool on a continuous basis as part of an on-going management 
program involving the County, USGS and NJDEP. 

3- Undifferentiated Sands 

South and west of Jamesburg the Raritan formation is undifferentiated. 
Due to sparse population in the area at the present time, groundwater withdrawal 
trom the Undifferentiated sands is relatively low. However, this sand extends 
approximately 40 square miles and has a potential safe yield estimated at 30+ 
mgd. A urbanization proceeds southward, groundwater wil l assume a greater 
inportance since much of the south County's water supply will likely be derived 
from these sands.36 
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Middlesex County has an estimated 43,000 acres of prime agricultural 
land in its southernmost region.37 The Blueprint Commission has recommended 
that in order to preserve the productivity of the land for food production 
as well as to enhance the aesthetic quality of the County's environment, 
at least 70Z of this prime agricultural land should be protected in perpetuity, 
This recommendation is consistent with maintaining the productivity of ground
water aquifers in the southern region of the County to supply anticipated 
water needs. It i s recommended that the Alampi Commission's recommendations 
be adopted by the County and its municipalities to protect this valuable crop 
and water producing area of the County. 

4. Brunswick Shale 

As mentioned earlier, groundwater in the Brunswick Shale flows through 
cracks and fractures in the rocks and would not be as easy to provide for 
art i f i c i a l recharge due to its relatively unpredictable geological character, 
rlowever, in order co protect the existing groundwater supplies of the Srunswic 
Shale i t is recommended that: 

a. The portion of the Bound Brook watershed between Metuchen and 
South Plainfield be designated as conservation/open space, be
cause i t provides significant recharge to the 3runswick Shale 
and particularly the Middlesex Water Company's wellfield. 

b. Within the remaining intake area at least 50% of any property 
to be developed should be left in open space to reduce urban 
runoff and to maintain minimum recharge to the 3runswick Shale. 

c. Wastewater and other pollutants should not be discharged on the 
ground surface covered by the Brunswick Shale. (Water in this 
rock travels along the cracks at a rapid rate and has l i t t l e 
opportunity to filter out pollutants). Once pollutants enter 
this formation i t would make nearby wells unsuitable for any 
future use for long periods of time. 

C. Additional Recommendations 

At the State, county, and local level recognition has been given to the 
need to preserve the quality and quantity of this area's groundwater resources 
In bringing about a resolution of these concerns a number of specific actions 
are recommended, in order to achieve the goal of protecting groundwater re
sources. The following recommendations, developed as part of Middlesex Counts-
Water Quality Planning Program, have been included here because of their im
portance in protecting those groundwater resources relied upon by the County 
for supply purposes. 

In view of the complexity of the groundwater management issue and the 
direct relationship between quality and quantity of supply, a number of manage 
ment strategies should be considered in proceeding toward implementation of a 
groundwater plan for Middlesex County. The following policies and mechanisms 
are offered for countv-wide aoplication: ^ , 
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Managing and Regularly Grounduarer n^pr.io as 

b. 

d. 

County policies should be established to limit the total amount 
of groundwater diverted for potable use to the estimated safe 
yield or resources. The NJ Water Policy and Suoply Council 
should be encouraged to grant diversions based upon the ground
water yield estimates prepared as part of Middlesex Countv's 
water Quality Management study. The Council should also ' 
thoroughly review diversion rights (authorized and grandfathered) 
currently held to determine i f revisions can or should be made 
in order to insure that groundwater use i s maintained within 
safe yield limits. 

It has been estimated that modest water savings could be 
achieved through such measures as the installation of wate-
conservation devices and modification of water rate struct—es 
Greater savings could be realized through the installation cf 
water saving devices in new building construction as well as 
by retrofitting such devices in existing buildings. In order 
to achieve additional water use reductions a number of measures 
should be undertaken, including regulation, public education 
programs, and revisions to water pricing. 

A further discussion on the opportunities and benefits of water 
conservation can be found in the County Planning Board report 
Water Conservation in Middlesex County" (March, 1978). 

A strict review process should be established to evaluate the 
impact of land use developments upon the availability and quality 
of groundwater supplies with a major focue on the extent to whic^ 
proposed projects would contribute to the consumptive use of 
water. 

A special provision of the Safe Drinking Water Act (PL 93-523) 
allows for the designation of important aquifers as sole source 
supplies. Both the Old Bridge and Farrington aquifers, bv the 
nature of the reliance placed upon them, could be covered*by 
this classification. Under the sole source amendment federally 
funded activities which threaten either the quality or quantity 
of water from these aquifers would be regulated under federal law. 
It i s recommended that investigation of application be made to 
the federal government to seek sole source designation for the 
Farrington and Old Bridge aquifers, and that careful evaluation 
of the impacts and implications of such designation be carried 
out prior to actual application for such a designation. 

One of the major benefits of a groundwater pumpage regulatory 
plan would be improved management of the salt water intrusion 
problem presently experienced in the region immediately south of 

Raritan River. By reducing the Farrington pumpage in the Savre 
vi l l e area the rate of water level drawdown presently experienced 
would be reduced and eventually stabilized. With stabilization, 
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there should be no further landward movement of salt water 
of any significance. 

There are several structural methods to control salt water 
intrusion which should be considered futher. One method 
relies on a system of barrier wells that would be constructed 
in a line parallel to the salt water interface. These wells 
would recharge fresh water into the Farrington aquifer at a rate 
that would essentially balance or stabilize the landward move
ment of salt water. One source of water might be treated 
effluent from the Middlesex County Sewerage Authority, however, 
this would require a level of treatment that would satisfy 
a l l public health requirements. Another method would rely 
on a similar group of barrier well3 that penetrate both the 
Old Bridge and Farrington aquifers. The wells, open to both 
units would recharge water into che Farrington aquifer from che 
Old Bridge by gravity flow and would require deveiooment of 
recharge facilities. 

All new groundwater diversions including those less chan 100,000 
gpd should become subject to County regulation as a means of 
maintaining a stricter control over the safe yield of the 
County's aquifers. 

The U.S. Geological Survey has completed development of a 
two-dimensional digital simulation model of the Farrington 
aquifer which should by ready for use in 1979. This model has 
been developed on the basis of the present understanding of the 
Farrington aquifer including a large number of well logs and 
pumping tests. 

Such a model may provide a useful method for estimating the 
regional effects of proposed Farrington diversions including 
evaluation of individual Farrington diversion applications. 
The model was utilized to evaluate the impacts of 1978 diversion 
applications of East Brunswick and Monroe Townships. It is 
expected that a three dimensional model wil l be developed soon 
which will provide information on the effects of Farrington 
pumpage on water levels in the Old Bridge Sands. This aquifer 
interdependence wil l have to be verified by measurement of 
groundwater leakage under controlled pumping test conditions. 
The model will not be capable of directly analyzing the effects 
of pumping on the intrusion of salt water into che Farrington 
although the characteristics could be inferred indirectly from 
the results. 
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Protection of Groundwater Recharge 

4' S a t ^ ^ f n " ° f 3 c o n c i a u o u s "PPly of groundwater reauires 
tin«. f" I 8 p a t C B r T l s r a " s of groundwater recharge con-
In r L r M l a t a l a e d - w i t h the extent of impervious surfaces 
r L ^ e « ° ^ T c o n t l a u i a e « expand, reductions in groundwater 
taSon^f 1 i; e v ± t a b 1"' Any efforts towards implemen-
2 i * " C h a r g e "aintenance program should be concentrated 
center* C h a t ^ b e d*v«l°Ped as major water supply 
t t l ^ l , t h ± f C 3 8 e t h e o f a i e « i v e is to maintain or augment 
rh!. P S 6 n C l 6 V e l 0 f 8 r o u ndwater recharge. As a r t i f i c i a l re-
™» aI 8! P r a"*«d on a wider scale, efforts will have to be 
made to preserve the quality of the water used for recharge. 
To achieve this i t wi l l be necessary to implement a surface 
and groundwater quality monitoring program in the vicinitv 
or a l l surrace water recharge sources. In addition, more' 
stringent regulation of point and non-point source unstream 
or the a r t i f i c i a l recharge fa c i l i t i e s w i l l be required. Anv 
changes in either the pattern or rate of recharge indicated' 
oy the monitoring program should be remedied promptly to insure 
tnat an efficient degree of recharge is maintained. Such a 
program should also provide for the control of undesirable in
flows to the recharge basins. 

At the present time there is sufficient surface water flow in 
the major basins to satisfy the requirements of existing ar
t i f i c i a l recharge f a c i l i t i e s . However, as consumptive uses of 
water increase over the entire County (especially with the 
development of a regional sewer system) less water will be 
I ! l a 1 ' f o r S C T e a » ^ow. Further studies to determine the im
pact of future development on surface water availability are 

" " ^ n d e d J h o w e v e r i a i c i a l indications suggest that continuing 
reductions in surface water quantity may result. , 

The concept of establishing groundwater protection zones in the 
vicinity and upstream of major recharge f a c i l i t i e s has been de
scribed more fully in the County's Water Quality Management 
i'lan report but can be characterized generally as a number of 
measures designed to insure that sufficient amount of high 
quality water is recharged to the groundwater system. Specific 
land use restrictions in these areas and the exact locations of 
tnose^ controls have not yet been established. In the event that 
tnis groundwater protection concept is adopted, i t would be 
necessary to institute design criteria for such mechanisms in 
accordance with local'conditions. The objective in each area 
would be to control the location of a l l pollution sources (both 
point and areawide) to the extent that they would be completely 
isolated from the groundwater system. 
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b. Efforts should be made to preserve natural recharge areas to 
the greatest extent possible. Studies necessary to identify 
the extent of the recharge areas in relation to existing and pro
posed well locations should be initiated to include: identi
fication of specific well locations and pumpage rates; calculation 
of areas of influence of wells identified; determination of 
permeable soils underlain by groundwater in the area of influence; 
recharge races; degree to which recharge required can be maintained 
with or without coverage of the recharge area; the balance between 
recharge and withdrawal required to maintain the supply source 
within safe yield limits. 

c. Any development that would result in a net reduction in the natural 
recharge rate should be discouraged. A r t i f i c i a l recharge facilities 
should be developed that would augment surface water recharge to 
the aquifer within the limit of the outcrop and recharge protec
tion area. All new development and activities within che outcrop 
3hould be reviewed from the standpoint of their effects on che rate 
and quality of groundwater recharge. 

d. A major effort should be made to retain as much surface water as 
possible within recharge areas to provide the necessary recharge. 
This would call for a variety of steps ranging from the on-lot 
control of surface runoff, che use of sumps and catchment basins, 
porous pavement and other similar measures. Local subdivision 
regulations and construction codes should be amenced to encourage 
these types of practices. Although each of these approaches would 
clearly be beneficial, they require f u l l evaluation by field 
demonstration studies before being put into wide practice. Cor
responding to the need for retaining as much high quality surface 
water as possible in the basin, efforts should also be made co re-
card che recharge of poor quality water. 

3. Groundwater Quality Maintenance 

The continued availability of groundwater in the County is greatly dependen 
upon che maintenance of water quality recharged to the aquifers. Although this 
is a major concern at the present time, i t w i l l become even more critical as 
further land development occurs and waste disposal activities arise. The fol
lowing recommendations center upon groundwater pollution that occurs as a result 
of land development and waste disposal practices and the water quality problems 
chat result when.well locations and pumping patterns insufficiently account for 
che movement of pollutants in the groundwater system. 

a. Controlling the further leakage of landfill leachates into the 
groundwater system is perhaps the most difficult of the water 
pollution control problems in Middlesex County. A program co 
identify the typee of waste products disposed at each site and the 
disposal rates should be initiated for a l l existing and former 
landfills in the County. Test drilling should be undertaken at 
each location to monitor che oresence and movement of leachate 
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and to determine whether a leachate plume has entered the local 
groundwater flow system. Where plumes have formed, additional 
steps must be taken to map the local patterns of groundwater 
flow and to determine whether the leachate is moving in the 
direction of critical wellhead locations and at what rate this 
movement is occurring. Where leachate has entered the groundwater 
system a leachate abatement program should be undertaken, which 
often involves the installation of a scavenger well system to 
collect the leachate and discharge i t into either a treatment 
and disposal facility or into the regional sewer system. 

All new landfills w i l l be constructed in accordance with New 
Jersey standards and therfore must be sufficiently removed from 
existing or proposed groundwater supply sources to be minimized 
as a pollution threat. All landfills should be provided with 
an impervious underliner and leachate collection system designed 
to trap and collect a l l leachate that forms, "uthermore, new 
landfills should be discouraged from locating in critical aquifer 
recharge/outcrop areas in order to insure that maximum water 
quality protection is afforded. 

An extensive County-wide inventory of industrial liquid waste 
lagoons should be carried out to determine more precisely the 
location of such lagoons, the nature of the liquid waste concents 
and the likelihood that leakage of such wastes will occur into the 
groundwater system. Problem lagoons (those exhibiting or having 
potential for seepage into the groundwater system) should either 
be eliminated or reconstructed using impervious liners. As with 
landfills, new lagoons should be located far enough away from a l l 
existing and proposed water supply sources to minimize the risk 
of water pollution affecting such supplies. Permits for the in
stallation of lagoons should indicate the disposal products with 
the final design appropriate for the types of waste products and 
quantities disposed. The lagoons should normally be lined and 
provided with a monitoring system to detect seepage. 
Permits should be issued for the use of such fac i l i t i e s and 
efforts should be made to inspect them on a regular basis. In 
some instances an outright ban on the disposal of toxic and 
hazardous wastes may be required. 

Product storage areas should be precisely inventoried and an effort 
made to locate sites that are potential or probable contributors 
to groundwater contamination. Problem sites (those whose contam
inated runoff enters the groundwater system) located within an 
aquifer outcrop or recharge area should be eliminated or reconstruc
ted using an impervious base and sidewalls with an isolated catch-
basin. Problem sites should be identified and areas of groundwater 
contamination pinpointed. Product storage and handling should be 
conducted in paved areas where a l l drainage would be collected, 
to the extent possible, product storage areas should be fully enclos 
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d. Accidental spills and the mishandling of industrial products are 
a major source of groundwater pollution. The only effective con
trol methods are control and cleanup contingency plans developed 
to deal with such events. The handling of toxic and hazardous 
materials should be prohibited in designated aquifer recharge 
protection zones. 

e. Sections of many sanitary sewer systems are presumed to leak 
because of their age and depth relative to the water table and 
also because of the fact that many carry industrial wastes. Ef
forts should be made to identify those sections of the system 
that are most likely to be leaking. Such areas should receive 
detailed inspections with defective sections repaired or replaced 
Special efforts should be made to locate leaking sections that 
have the potential of affecting groundwater quality in areas ad
jacent to existing or proposed wellfields. Part of the investi
gative process should include efforts to identify the chemical 
nature of the industrial products discharged to the sewer system. 
Such a program would provide an indication of those sections of 
the system chat are likely to have the most severe impacts on 
groundwater quality. Furthermore, a l l new sewers should be built 
to standards that minimize exfiltration. Where new sewers are 
located in close proximity to existing or proposed groundwater 
diversion points, construction should be fully water tight. 

All new pipeline installations which transport hazardous and toxic 
substances should install leak detection systems and automated 
cutoff valves that would be used to insolate leaky sections. To 
the extent possible, such pipelines should not be located in che 
vicinity of existing or proposed groundwater diversion points. 

f. A septic tank suitability map of the County should be prepared 
which reflects such natural factors as the soil percolation rate, 
slope, water table elevation, cation exchange capacity of the soil 
the presence and chickness of important aquifers and recharge 
areas. Such a map should also indicate such physical limitations 
as existing supply wells (both public supply and private) and area: 
that have already exhibited water quality limitations. The decisic 
whether or not to use on-site waste disposal, and i f so what type 
and at what density would be governed by the site limitations in
dicated by the map. Under this program decisions on septic tank 
siting would no longer be based solely upon the percolation rate 
of the soil and lot size. 

g. County-wide monitoring and surveillance program should be under
taken to include the location of groundwater sampling.points in 
the vicinity of known and potential pollution sources and at majot 
public and industrial supply wells. 
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VI. NEXT STEPS 

The preceding chapter outlined a number of specific actions which could 
and should be taken by the County and it s municipalities as a means to begin 
addressing critically important and largely overlooked problems affecting 
the County's groundwater resources. However, in order to achieve implemencatio 
of these recommended actions and to arrive at a more systematic and coordinated 
approach to the problems outlined by this report the following next steps are 
presented. 

1. Meetings should be held at which the affected municipalities, 
Counties and the State can discuss these recommendations and 
approaches available for addressing groundwater protection re
quirements. 

Z. An investigation shouid be made of the feasibility of developing 
legislation permitting the implementation of a coordinated land 
use development regulatory program in c r i t i c a l areas (such as 
groundwater recharge areas) and should include investigation of: 

a. Transfer of development rights. 

b. Expanded Planned Unit Development controls. 

c. Consistency requirements for local comprehensive planning 
with County and State planning. 

d. The creation of County "development authorities" with the 
power to bond for the acquisition of land for resource 
conservation and open space purposes, and directly influ
encing land development patterns. 

2. The Middlesex County Planning Board should undertake-the preparation 
of detailed drainage basin studies to: 

a. Identify suitable locations for detention, retention and recharge 
basins 

b. The identification of pollution sources 

c. Recommend water quality monitoring sites 

d. Recommend programs to improve and maintain water quality and 
overall supply 

4. Middlesex County should continue development of county-wide water 
supply, conservation and wastewater management programs. 
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1. Mark D. Shulman, The Climate of New Brunswick, Rutgers - The State 

University of N.J., New Brunswick, N.J., 1971. 

2. Mark D. Shulman, Telephone communication, August 7, 1974. 

3. Joseph Miller, NJDEP, Bureau of Geology and Topography, personal 
communication, Trenton, N.J., March 1974. 

4. Henry C. Barksdale, The Groundwater Supplies of Middlesex Countv, 
Special Report No. 3, N.J. Water Policy Commission, pp. 13, 1943. 

5 . Ibid., pp. 17 . 

6. Ibid., pp. 21. 

7. Ibid., pp. 160. 

8. Ibid., pp. 54. 

9. Ibid.,pp. 54. 

10. Ibid.,pp. 57. 

11. Ibid., pp. 63. 

12. Charles S. Apple, Salt-Water Encroachment Into Aquifers of the Raritan 
Formation in the Sayreville Area. Middlesex Countv. N.J.. Stat*. Division 
of Water Policy and Supply, Trenton, N.J., pp. 6, 1962. 

13. Op. c i t . , pp. 91. 

14. Ibid., pp. 111. 

15. Ibid., pp. 145. 

16. Ib i d . , pp. 67. 

17. Ibid., pp. 84. 

18. Middlesex County Planning Board, Comprehensive Master Plan No. 17., 
New Brunswick, N.J., pp. B-12. 

19. N.J. Division of Water Policy and Supply, Water Resources of the Savrevii: 
Area. Middlesex County, N.J. Water Resources Circular No. 20., pp. 24, 
1969. 
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20. Henry C. 3arksdale, pp. 39. 

21. Martin Langenohl, Chief - Perth Amboy Water Deoartment, Telephone 
communication, July 20, 1974. 

22. The safe yield of the Farrington Sand may actually be less than 16.2 
agd due to the encroachment of salt water from the Washington Canal area. 

23. These are wells which were in operation prior to the enactment of the 195 
regulation requiring State licencing and reporting of a l l wells in excess 
of 70 gpm capacity. 

24. Henry C. 3arksdale, pp. 115-133. 

25. Ibid., pp. 35. 

26. N.J. Division of Water Policy Circular No. 20. 

27. City of Perth Amboy, "A Study of Deep Run Dam, Reservoir and Watershed" 
pp. 67-68., 1973. 

23. Ibid., pp. 63. 

29. Jerome C. Rose, pp. 637, 1974. 

30. Ibid., pp. 637. 

J1. Jan Krasnowicki and James Paul, "Compensable Regulations cor Open Space", 
Journal .American Institute of Planners, Volume 87, 1963. 
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34. Victor Kasper, pp. 10, 1973. 

35. Report of the Blueprint Commission, pp. 6, 1973. 
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GLOSSARY OF TERMS 

Alkaline 

Aquiclude 

Aquifer 

Aquifuge 

Artesian aquifer 

Artesian groundwater 

Artificial recharge 

Average annual yield 

Water or soils in which a sufficient amour, 
of alkali substances are present to raise 
the pH value above 7.0. 

A layer of material with low permeability, 
which can absorb water but cannot trans
mit i t at a rate sufficient for economic 
extraction by wells; (clay beds are an 
example). 

A layer of material capable of storing and 
transmitting water at a rate sufficient 
for water supply purposes; (most sand and 
gravel beds are examples). 

An impermeable geological formation neithe 
storing nor transmitting water; (granite 
is an example). 

An aquifer in which water is under suffi
cient pressure to cause i t to rise above 
the zone of saturation at that place if 
an opportunity were afforded. 

Groundwater confined under an aquiclude 
or an aquifuge, so that water rises in a 
nonpumping well which penetrates i t . 

The addition of water to the groundwater 
reservoir by a r t i f i c i a l means such as 
irrigation or induced infiltration from 
streams, wells, ponds or spreading basins. 

The average annual supply of water produce 
by a given stream or aquifer over a period 
of time. 

Base flow 

Catchment area 

That portion of the stream discharge which 
is derived from groundwater outflow or 
other sources outside the net rainfall whi 
provided the surface runoff. 

The intake area of an aquifer and a l l area: 
that contribute surface water co the intakt 
area. 
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Cone of influence 

Confined aquifer 

Consumptive use 

,oatamination 

Critical area 

Depletion (groundwater) 

detention dam 

Direct runoff 

Discharge 

Dissolved oxygen 

Dissolved solids 

Domestic water use 

The depression, roughly conical in shape, 
produced in a water table or other piezo-
metric surface, by che extraction of wate 
from a well at a given rate. The extent 
of the cone w i l l vary with the rate of 
withdrawal of water. Also called cone 
of depression. 

An aquifer which is bounded above and 
below by formations of impermeable or 
relatively impermeable materials. 

The quantity of water transpired and eva
porated from soil and plant cover. 

Impairment of che quality of water resour 
by sewage, industrial waste or other matt 
to a degree which can create hazards to 
public health. 

An area where the use of groundwater is 
approaching a use equal to the current 
recharge rate or has already exceeded i t . 

The withdrawal of water from groundwater 
sources at a rate greater than its rate 
of replenishment ususally occurring over 
an extended period of years. 

A dam constructed for the temporary stora: 
of flood flows where che opening for re
lease i s of fixed capacity and not manual, 
operated. 

The runoff entering stream channels after 
rainfall or snow melt. Superimposed on 
bare -runoff, i t forms a bulk of the 
hydrograph of a flood. 

In i t s simplest concept, i t means outflow 

The amount of free oxygen (not chemically 
combined) in water. Usually expressed in 
milligrams per l i t e r . 

Solids which are present in solution. 

The use of water primarily for household 
purposes, (bathing, cooking, cleaning) che 
irrigation of gardens, lawns, shrubbery, 
surrounding a home. 
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Drainage area 

Drainage water 

Drawdown 

Effective porosity 

Effluent streams 

Ephemeral stream 

Equilibrium drawdown 

Equi-potential line 

Eutrophicacion 

Evaporation 

The drainage area of a stream at a speci
fied location in that area, measured in 
horizontal plane, enclosed by a drainage 
divide. I t is expressed in acres, square 
miles or square kilometers. 

Water which has been collected by a drain 
system. I t may derive from surface water 
or from water passing through soil. May 
be of a quality suitable for reuse or i t 
may be of no economic use at the time and 
place of i t s occurrence. In the later 
case, i t becomes wastewater. 

The lowering of the surface elevation of 
a body of water, che water table, the wat 
surface of a well, or the piezometric 
surface adjacent to the well, resulting 
from the withdrawal of water therefrom. 

The ratio, usually expressed as a percent 
of the volume of water (or other liquid) 
which a given saturated volume of soil 
will yield under any specified hydraulic 
condition, to the given volume of soil. 

Streams which intersect the water table 
and receive flow from groundwater. 

A stream that flows only in a direct re
sponse to precipitation and discontinues 
its flow during dry periods. Its channel 
is above the level of che water table. 

The ultimate, constant drawdown for a ste 
rate of pumped discharge. 

A line in a field of flow, such that the 
total head i s the same for a l l points on 
the line, and therefore the direction of 
flow is perpendicular to the line at 
a l l points. 

The process of overfertilization of a bod 
of water by nutrients which produce more 
organic matter than the self-purification 
process can overcome. 

The process by which water is changed fro-
the liquid or solid state into the vapor 
state below the boiling point. 
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vaporation rate 

vapo-transpiratiou 

ixcess rain 

ira yield 

Flood 

Flood plain 

Flowing resource 

Flowing well 

Glacial drift 

The quantity of water expressed in terms 
of depth of liquid water, which is eva
porated from a given surface per unit 
of time. I t i s usually expressed in incr 
or millimeter depth per day, month, or 
year. 

The volume of water evaporated and trans
pired from s o i l and plant surfaces; (es
sentially the same as "consumptive use" 
except for the water retained within the 
plant tissue). 

Effective rainfall in excess of ir.fi!ter 
ation capacity. 

The maximum annual supply of a given wat 
development that is expected to be avail 
on demand, with the understanding that 
lower yields w i l l occur in accordance wi 
a predetermined schedule or probability. 

An overflow or inundation that comes fro 
a river or other body of water and cause 
and threatens damage. A relatively high 
flow as measures by either gage height c 
discharge quantity. 

An area of relatively level land or piai 
bordering a stream, built of sediments 
carried by the stream and dropped in the 
slack water beyond the influence of 
the swiftest current. It is called a 
water flood plain i f i t is overflowed ir 
times of high water; but a fossil flood 
plain i f i t is now beyond the reach of t 
highest flood. 

A resource which is replaced such as ai: 
water resources. 

A well tapping an artesian aquifer, in * 
water is under sufficient pressure to 
cause i t to rise above the ground surfai 

Material which has been deposited by a 
glacier or in connection with glacial p: 
cess. Consisting of rock flour, sand, ; 
bles, cobbles and boulders, i t may occu: 
hetrogeneous mass or be reasonably well 
sorted, depending upon its manner of de
position. / ~ 7 / 



Groundwater 

Groundwater mining 

Groundwater overdraft 

Groundwater recharge 

Groundwater runoff 

Groundwater storage capacity 

Hydraulic permeability 

Hydrologic budget 

Hydrologic cycle 

Impervious material 

Incidental recharge 

Water in the ground that i s in the zone 
of saturation from which wells, springs 
and groundwater runoff are supplied. 

Pumping groundwater from a basin where 
the safe yield i s low, thereby pumping 
water from storage. Takes place when 
withdrawals exceed replenishment or when 
recharge i s negligible. 

Pumpage of groundwater in excess of safe 
yield. 

Inflow to a groundwater reservoir. 

That part of the runoff which has passed 
into the ground, has become groundwater a 
has been discharged into a stream channel 
as spring or seepage water. 

The reservoir space contained in a given 
volume of deposits. 

The flow of water through a unit cross-
sectional area of soil normal to the dir
ection of flow when the hydraulic gradien 
is unity. 

An accounting of inflow to, outflow from 
and storage in a hydrologic unit such as 
drainage basin, aquifer, soil zone, lake, 
reservoir, or irrigation project. 

The complete cycle through which water, 
commencing as atmospheric water vapor, pa: 
into a liquid and solid form as precipita 
then along or into the ground surface fin. 
returning to the form of atmospheric wate: 
vapor by means of evaporation and trans
piration. Also called the water cycle. 

A term applied to a material through whic': 
water cannot pass. (See also aquiclude 
and aquifuge). 

Groundwater recharge that takes place uni: 
tentionally as a by-product of man's use < 
water (i.e. irrigation) which would not 
have been rechargednatually. 
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Infiltration 

Infiltration capacity 

Infiltration rate 

Influent streams 

Interference (wells) 

Leaching, 

Observation well 

The flow of fluid into a substance through 
pores or small openings. I t connotes flov 
into substance in contradiction co the 
work percolation, which connotes flow 
through a porous substance. 

The maximum race at which s o i l , when in 
a given condition, can absorb rain or sno* 

The rate, usually expressed in cubic feet 
per second or million gallons per day pe: 
mile of waterway, at which groundwater 
enters an infiltration ditch or gallery, 
drain, sewer or other underground conduit: 

Streams which contribute flow to the 
groundwater. Also called losing screams. 

A change in the water level of one well 
caused by the pumping at another well. 

The removal of soluble constituents from 
soils or ocher material by infiltrating 
or percolating water. 

A nonpumping well used for observing the 
elevation of the water cable or the pie-
zomecric surface. 

Overdraft 

Percolation 

The quantity of water pumped in excess of 
the safe yield. 

The movement, under hydrostatic pressure, 
of water through the interstices of a roc: 
or soil. 

Percolating water 

Percolation rate 

Those waters which pass through the groun 
beneath the earth's surface without a 
definite channel and not shown to be sup
plied by a definite flowing stream. The 
presumption i 3 that groundwaters are per
colating. 

The rate, usually expressed as a velocity 
at which water moves through saturated gr 
ular material. The term is also applied 
a quantity per unit time of such movement 
Has been used erroneously to designate 
infiltration rate or infiltration capac 
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Perennial yield 

Safe yield 

Salinity 

Salt water barrier 

Salt water intrusion 

Secondary porosity 

Seepage 

Specific capacity of a well 

Specific yield 

The amount of usable water in a groundwate 
reservoir that can be withdrawn and con
sumed economically each year for an in
definite period of time. It cannot exceed 
•the natural recharge to that groundwater 
reservoir and is ultimately limited to the 
maximum amount of discharge that can be 
utilized for beneficial use. 

With reference to either a surface or 
groundwater supply, the rate of diversion 
or extraction for consumptive use which 
can be maintained indefinitely, within the 
limit of economic feasibility, under speci 
fied conditions of water supply developmen 
(See also Perennial yield). 

The relative concentration of salts, usual 
sodium chloride, in a given water. 

A physical facility or method of operation 
designed to prevent the intrusion of salt 
water into a body of fresh water. 

The phenomenon occurring when a body of 
salt water, because of i t s greater density 
invades a body of fresh water. It can 
occur either in surface or groundwater 
systems. 

Results from fractures and solution channe. 

The slow movement of water through small 
cracks, pores, interstices of a material 
into or out of a body of surface or subsur
face water. I t is generally expressed as 
flow volume per unit time. 

The rate at which water may be drawn from 
a formation through a well to cause a 
drawdown of a stipulated depth. Measured 
in gallons per minute per foot. 

The quantity of water that a unit volume 
of permeable rock or soil, after being 
saturated! wi l l yield when drained by gravi 
It i s expressed as a ratio or precentage 
of volume. 
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Subsurface water 

Transmissibility 

Transmissibility coefficient 

Water spreading 

Water table 

Well capacity 

Well field 

Well hydrographs 

Well interference 

Yield 

All water below the land surface, includi 
soil moisture, intermediate zone water, 
capillary fringe water, and groundwater. 

The flow capacity of an aquifer in gallon 
per day per foot width, equal to the prod 
of permeability times the saturation thic 
ness of the aquifer. 

The number of gallons of water per day th 
percolate under prevailing conditions 
through each square mile of water bearing 
bed for each foot thickness of bed. It i 
the product of field coefficient of per
meability in units of gallons/day/square 
mile multiplied by thickness of the bed 
in feet. 

Controlled application of water to the 
land for the purpose of recharging ground 
water aquifers. 

The upper surface of a zone of saturation 
where the body of groundwater is not con
fined by an overlying impermeable formati: 
Where an overlying confining bed exists, 
the aquifer in question has no water tabl-

The maximum rate at which a well will yie. 
water under a stipulated set of condition: 
such as a given drawdown, pump capacity, 
etc. It can be expressed in gallons per 
minute or cubic feet per second. 

A tract of land containing a set number 
of wells for supplying a municipality, 
industry or irrigation district. 

A graphical representation of fluctuations 
of the water surface in a well plotted 
against time. 

The effects of neighboring pumping wells c 
discharge and drawdown at a particular wel 

The quantity of water expressed either as 
a continuous rate of flow (cubic feet per 
second, million gallons a day, etc.) or as 
a volume per unit of time (acre feet per 
year, etc.) which can be collected for a 
given use or uses from surface or ground
water sources in a watershed. i -7 tX 
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Scocic resource 

Permeability 

Permeability coefficient 

Piezometric surface 

Pollution 

Porosity 

Reservoir 

Retention 

Storage coefficient 

Resources which are capable of being con
sumed. 

The ability of material to transmit fluid 
through its pores when subjected to a 
difference in pressure. 

The rate of flow of a fluid through a 
cross section of porous mass under a unit 
hydraulic gradient, at a temperature of 
60OF. Field coefficient of permeability 
is defined as the rate of flow of water, 
(in gallons per day) under prevailing 
conditions, through each foot of thicknes 
of a given aquifer at a width of 1 mile, 
for each foot per mile of hydraulic gradi 

An imaginary surface that everywhere coin 
cides with the static level of water in a 
aquifer or artesian basin. It is a surfa 
to which che aquifer or basin would rise 
if afforded an opportunity to do so. 

The alteration of the physical, chemical 
or biological properties of water or a 
discharge of any substance into water whi 
adversely affects the legitimate benefici 
water use. 

The ratio, usually expressed as a percen
tage, of volume of the interstices in a 
given quantity of material to the total 
volume of the material. I t is an index 
of the void characteristics of a soil or 
stratum as pertaining to percolation. 

A pond, lake, or a basin, either natural 
or a r t i f i c i a l , for the storage, regulatio 
and control of water. 

That part of the rainfall which is inter
cepted, stored, or delayed, and thus f a i l 
to reach the concentration point by eithe 
surface or subsurface routes during the 
time period under consideration. 

A cubic foot of water discharged from a 
vertical column 1 foot square as the wate 
level drops 1 foot. 

1% 
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EXTENT OF GROUNDWATER RECHARGE AND URBANIZED AREAS 

Methodology for Measurement 

U.S. Geological Survey quadrangles (7.5 minute maps) were utilized for the 
mapping and estimation of recharge areas. On these maps 1 kilometer U.T.M. 
grids were fi r s t plotted. The hydrogeological map from the Barksdale report 
was then project onto this map and the boundaries of each of the aquifers were 
plotted. Later, utilizing the Middlesex County Soils Map (1953), these boundarl 
were modified to include a l l other recharge areas. I t should be noted that the 
effective recharge area of the Old Bridge and Farrington Sands are larger than 
the outcrop alone. 

Once this area was plotted i t was then measured by using the Doint area 
measurement technique. This technique is a simple method in which an aerograph 
chart is placed over the area to be measured, a scattering of dots are counted 
for the area in question and multiplied by a factor of 0.918274 to arrive at 
the number of acres for the area measured. In this simple manner the recharge 
areas of the Raritan and Newark group formations were estimated. 

In order to estimate the extent or urbanization on each of the recharge 
areas land use maps and 1973 aerial photographs of the County were utilized. 

The developed area was measured using the same aerograph chart while the 
paved area was measured by using aerial photographs. For sparsely developed 
areas housing units were counted and multiplied by 2000 square feet. The pro
duct was then divided by 43,560 to get the number of acres of paved surface. 
Paved area measurement for the more intensely developed area was measured off 
the map and multiplied by an average paved percentage factor. The extent of 
development is shown on Figure 3. 
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TABLE C-l 

?!!L!l£ Mater Supply 

New Jersey Water Co. 
Honroe M.I'.A. 
Sayreville Water Dept. 
Helmetta Water Dept. 
South Aaboy Water Dept. 
Old Bridge M.U.A. 
Perth Aaboy Water Dept. 
South River Water Dept. 
Spotswood Water Dept. 

TOTAL Public Water Use 

jnduatrial Supply? 

Duhernal Water System 
Kerr Class Co. 
Auheuaer Busch Co. 
P..I. Schweitzer Co. 
BASK 

Cities Service R&D 

TOTAL Industrial Water Use 

TOTAL Old Bridge Use 

Percent Public Use 

Percent Industrial Use 

1 

Groundwater Punpage In HIddleeea County 1950 - IVH 1 

214 Bridge Sand - (million gallona/dnyj 

1950 I960 196 5 1966 1967 

0.10B 0.210 0.296 0.145 0.360 

0.842 
0.010 
0.500 
0.054 
6.206 
0.046 

1.297 
0.009 
0.555 
0.314 
6.800 
0.074 
0.228 

1.913 
0.010 
0.562 

639 
332 
112 
368 

.236 
Oil 
541 
437 
901 
120 
396 

.415 

."09 

.526 

.622 
7.199 
0.112 
0.434 

2. 
0. 
0. 
0. 

1968 

0.404 
0.037 
2.40S 
0.009 
0.46S 
0.727 
7.297 
0.119 
0,492 

1969 

0.424 
0.118 
3.121 
0.011 
0.527 
O.P95 
7.819 
0.119 
0.525 

19/0 1971 1972 1973 1974 

0.4 30 
0.333 
3.208 
0.013 
0.503 
1.550 
6.97} 
0.140 
0.656 

1975 

0.432 
0.138 
J.375 
0.013 
0.532 
1.463 
6.271 
0.140 
0.605 

'.766 9.487 11 .232 10.987 11.677 11.955 13.581 13 .544 

.531 14.783 14. . 142 14.811 14.766 14.647 14.840 1 I Ik) 
0. 118 0.107 0.112 0.090 0.O52 0. 068 

0. 355 0. 448 0.598 0.478 0.429 0.419 0. 446 
2.691 2. 778 2.778 2.778 2.778 3.555 3. 285 
— -- -- 0.010 0.013 0.055 0. o89 
~- — —• — ~ ~ — 0.079 0.161 0. 194 

13.273 12.721 11.884 13.808 12.969 

12.531 17, .829 17 .486 

20.297 27. .316 28. 718 

38. 3 34. 7 19. 1 

61.7 69. 3 60. 9 

19.082 17 

32.661 30 

37.5 

62. 5 

39. i 

60.9 

39.8 

60.2 

41.6 

58.4 

43 

56. 

12.629 
0.112 
0.795 
3.179 
0.335 
0.156 

329 17.206 

873 30.479 

9 43.5 

1 56.5 

13.478 13.048 
0.121 0.137 

12.285 10.828 
0.099 0.057 

0.922 
3.027 
0.268 
0.160 

0.979 
2.923 
0.149 
0.127 

1.022 
3.169 
0.113 
0.161 

1.055 
3.190 
0.089 
0.120 

17.976 17.363 

30.697 29.247 

41.4 40.6 

5B.6 59.4 

16.849 15.339 

30.657 31.269 

45.1 

54.9 

41.5 

58.5 

All figures based on quarterly report- to the NIUEP - Bureau of Water Al lo,:atlon( 1977). 
2 
Estimated Industrial demand south of the Raritan River. 
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TAHI.F. C-7 

C r m u u l u n l p r Pumpnp.e I n H l d d l c i r - Coun ty 1950 - 1975 
F n t r l n p t n n Snnil ( m l l t l n n g n 1 1 n n q / d n y ) 

Pub l1 c Water S u p p l y 1950 1960 1965 1966 1967 196B 1969 1970 1971 1972 1973 1974 1975 

C m n l i u r y Wate r D e p t . 0 . 0 5 7 0 . 0 8 1 0 .127 0 . 1 4 1 O . l l f l 0 . 1 7 1 0 . 1 7 1 0 I l l 0 . 1 4 9 0 . 1 3 9 0 . 1 3 4 0 . 1 2 1 0 .122 

Ennt B r u n s w i c k Water D e p t . 0 . 2 7 6 1.195 1 . 7 7 1 1 .458 1 .695 1 . 9 ] 2 2 .169 2 .406 2 . 5 0 5 2 . 6 0 4 2 . 7 0 3 2 . 8 0 2 2 .900 

F o m g n t e Wate r Co . — — 0 .119 0 . 2 7 7 0 . 2 7 5 0 . 2 7 2 0 . 2 4 1 0 .269 0 . 3 2 4 0 . 3 5 0 0 . 6 1 9 0 . 4 B 1 0 .710 

I l f l m p t t n Wa te r D e p t . 0 . 0 1 0 o.no? 0 .010 0 . 0 1 1 0 . 0 0 9 0 . 0 0 9 0 . 0 1 1 0 .012 0 . 0 1 3 0 . 0 1 1 0 . 0 1 2 0 . 0 1 3 0 .013 

r i d B r i d g e M.U.A . 0 . 0 9 J 0 . 5 3 4 1 .087 0 . 7 4 5 1.060 1.237 1 . 5 2 1 2 . 2 1 1 2 . 3 4 9 2 . 4 B 1 2 . 4 9 5 2 . 6 4 0 2 .492 

P e r t h Amboy Water D e p t . 2 . 2 9 * 2 . 5 1 5 2 .712 2 . 5 5 3 2 > 6 1 2 . 6 9 9 2 .B87 1 .248 3 . 1 0 8 2 .6P0 2 . 3 0 1 2 . 3 4 8 2 .6B7 

S n y i e v l l l e Water D e p t . 0 . 0 9 3 0 . 1 4 4 0 213 0 . 2 4 9 0 . 2 6 8 0 . 2 6 7 0 .34 7 0 .296 0 . 7 8 6 0 . 1 1 9 0 . 3 4 8 0 . 3 5 6 0 .375 

S m i t h Amboy Wa te r D e p t . 0 . 5 0 0 0 . 5 5 5 0 .562 0 . 5 4 1 0 . 5 2 6 0 . 4 6 5 0 .527 0 .655 0 . 6 6 8 0 . 4 4 8 0 . 4 6 0 0 . 5 0 3 0 .512 

S». R r t m n w l r k Wate r D e p t . — 0 . 3 5 8 0 .757 0 .B16 O.R75 0 . 9 3 4 0 . " 9 3 1 .052 1 .186 1 .319 1 .453 1.5R6 1 .720 

r . . int l i R t v p r Wate r D e p t . 0 . 4 1 3 0 . 6 6 6 1 . 0()R_ 1.076 1.004 1.077 1 .069 1 . 146 1 .226 1 .268 1.264 1 L 7 7 1 

T o t A l . f i i M l r Water l ine 1.6R7 6 . 0 5 7 7, . 711 7.RI 7 B .491 9 . 0 1 0 9 .R9f l 11 .446 1 1 . 7 0 5 1 1 . 5 7 9 1 1 . 5 9 1 17.11R 17 .B42 

I n d u n t r l a l S u p p l y ' 

n»sr 0 . 0 6 9 0 . 0 7 7 0 .129 0 .207 0 . 7 B 1 0 . 6 2 5 0 . 3 4 7 0 . 2 9 9 0 .207 

C l t l r a S e r v i c e R A D -- -- 0 . 0 0 4 0 .O0B 0 .010 O.ooS 0 . 0 0 8 0 . 0 0 7 0 . 0 0 9 0 .006 

Ci pf < o I n c . — -- - - — 0 . 1 2 1 0 .156 0 .175 0 .1R4 0 . 2 4 7 0 . 1 7 0 0 . 1 1 9 0 .109 

P . . I . S c h v e l t r e r Co. 2 .707 2. 771 2 . 2 7 3 2 . 7 7 1 2 . 2 7 1 2 . 144 7 .6R8 2 . 6 0 1 2 . 4 7 7 2 . 3 9 2 2 .628 2 .610 

An l t r i t ne r Bunch Co . 0 . 771 0 . B00 0 .B21 0 . 0 1 9 0 . " 1 2 0 . 9 0 9 1 213 0 . 7 9 5 0 . 9 2 2 0 . 9 7 9 1 .022 1 .055 

M l i l i - i i n t Ancvl 1 T. 1 np C o r p . Z.Z. zz _.. 0 . 0r»B 0.OB7 0 . 1 0 7 0.O99 0. . 104 0. 074 0 .O99 J 7 . 0 6 R O.Q55 0 . 0 1 0 0 .04 5 

K M Al . I n c l u n t r l n l Onp 0 . 0 2 . 9 7 1 1 . 1 11 1 . 176 3. rr.n 1.4 nr. 1 . .r.-.n 4. . ir,7 4 . 46B 4 . 14 7 1 .950 4 . 107 4. .017 

TOTAL F n r i I n g t n n l ine 1.6R7 8 .1R0 ID . B4? 1 0 . 1 9 1 I ! . 7 6 1 17 .416 1 1 . 571 15. m i 1 6 . 7 5 1 1 5 . 9 7 6 1 5 . 5 4 1 16 .775 16. B74 

P p n - p i i t P u b l i c l ine too.o 6 7.4 71 . 1 71 .1 77.7 7 7 . 1 77. 9 77. 4 7 7 . 5 72 . 7 7 4 . 6 74. 7 76. 1 

r p t r p i t t I n i l u n t r l n l t lnp 0 . 0 17. r, 7F*. o 7R.9 77 .B 7 7 . 1 7 7 . 1 77 . r. 7 7 . 5 77 . J 7 5 . 4 75 . 1 7 1 . 9 

' A l l MfMi r^ f f br ined on q u a r t e r l y r * r " f t f l t o t h ^ N.ITipP - U n r r m i n f Writer A l l n r n t f n n (1<>77). 

' Put tmrif ni l f n«l<m t X I rt 1 r l rmmM n n u f l i o f f l i p R / i r f f n n f M v o r . f;_7 



TABLE C-3 

Groundwater Pumpage in Monmouth Countv - 1975 
Old Bridge Sand (million gallons/day) 1 

Public Water Supply 1 9 7 5 

Cliffwood Water Co. 

Matawan Township 

Keyport Water Dept. 

0.5 

0.6 

1.4 

Matawan Borough 1.0 

West Keansburg Water Co. 1.8 

Matawan Twp. M.U.A. 1.1 

Union Beach Water Dept. 0.3 

Keansburg Water Dept. 1.8 

Monmouth Consolidated 1.2 (est.) 

Atlantic Highlands 0.6 

Red Bank Water Dept. 0.9 (est.) 

TOTAL PUBLIC USE 11.2 

^Figures based on estimates provided by the Tri-State Regional Planning 
Commission (May 1978). 
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INSERT D 

Assume: 

ASSUMPTIONS FOR GROUNDWATER PATHWAY 

8038 population between 1/2 and 1 mile from s i t e i s 
representative of Middlesex area. 

Figure 1 

a = 1/2 mile 
b «= 1 mi 
c = 2 mi 

d = 3 mi 
e •» 4 mi 

Area in 1/2 to 1 mile ring 
equals area in l mile ring 
minus area in 1/2 mile ring. 

A = xr 2 

Â , = xb2 - xa 2 

= x ( l mi) 2 - x (0.5 mi) 3 

Aa, = 2.36 mi2 

Population (FBDU. 19791 

P„ = 0 - 1/2 mi. = 1690 people 
= 1/2 - 1 mi. = 8038 people 

Population Density = 8038 people/2.36 mi2 

= 3411.43 people/mi2 

Area for Each Ring; 

= 7TC2 - xb 2 

= X (2 mi) 

A,* = 9.42 mi 2 

2 _ x (1 mi) : 

A^ = xd 2 - x c 2 

= x (3 mi ) 2 

= 15.71 mi 2 

- x (2 mi) : 

A* = xe 2 - xd 2 

= x (4 mi) 2 

A^ = 21.99 mi 2 

- x (3 mi) 2 
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Population <P)i 

P o p u l a t i o n f r o m 0 - 1 / 4 n i l * aquala P,: 

p =p ( * (0 .25 in i ) 2 , 
* * 7t(0.50iUi) 2 

- 1690 (0.25) 
P, = 423 people 

Population from 1/4 to 1/2 mile equals P*: 

P* - 1690 - 423 
P* = 1267 people 

Population i n outer r i n g : 

Pbe = (3411.43 people/mi2) (9.42 mi 2) 
Pbc = 32,13 6 people 

Ped = (3411.43 people/mi2) (15.71 mi 2) 
Pcd = 53,594 people 

Pde = (3411.43 people/mi2) (21.99 mi 2) 
Pde = 75,017 people 

80% of water i s supplied from surface water (Personal telephone 
communications, Mr. Sedowski, Elizabethtown Water Company). Assume 
remaining 20% of people get drinking water from groundwater. This 
i s believed t o be a conservative estimate of the number of people 
who obtain water from groundwater supplies. 

Therefore. 

0 - 1/4 mi: 
1/4 - 1/2 mi:( 
1/2 - 1 mi: ( 
1 - 2 mi: (32 
2 - 3 mi: (53 
3 - 4 mi: (75 

(423)(0.20) = 
1267) (0.20) = 
8038)(0.20) = 
,136)(0.20) = 
,594)(0.20) = 
,017)(0.20) = 

858 people 
253 people 

1,608 people 
6,427 people 
10,719 people 
15,003 people 

REFERENCEi 

Ford, Bacon, and Davis Utah Inc. (FBDU), Environmrntal Analysis of 
the Former Middlesex Sampling Plant and Associated Properties, 
Middlesex, New Jersey, July 1979. 
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Insert "E" 

The piles at MSP are engineered, bermed, and covered by 
impermeable (Hypalon) covers. The pile designated the MML pile has 
a liner and a leachage collection system, and rests on an asphalt 
pad. The pile designated the VP pile rests on an alphalt pad. 

The transmissivity of the soil layer directly below the 
asphalt pad ranges from 0.087 to 0.27 m2/day (7 to 22 gpd/ft). 

A release is suspected at the MSP site. Data from the 
groundwater monitoring wells, established as part of an 
environmental monitoring program, indicates that contamination 
exists above background levels. This contamination can be 
attributed to the site, however, levels of contamination are below 
Derived Concentration Guidelines (DCGs). 

Insert "F" 

Use of groundwater in the area of MSP i s not fully known. 
Several private wells in the area have been classified for 
"domestic" use, but i t is not known i f these wells are used for 
drinking water. Therefore, a conservative approach mandates that 
not a l l primary targets for groundwater have not been identified. 
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Site Namr: 
Dnte: 

N M f n i W d 

it 

37 

1/ 

I K ) 

51 

79 

71 

P A Table 2b: Karsl Aquifers 

57 

a n 

tsr 

94 

99 

4? 

I 5.714 

° ' l I 3.MJ 

1.999 

939 

• 79 

417 
7T 

»«.J7S 

•O.I J | 

5.774 

7.9J9 

1.177 
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SEE ATTACHED MAP LABELED "STORM WATER DRAINAGB AT MSP" 

ALSO SEE FIGURE 6-3 FOR LOCATIONS OF SURFACE WATER 
BODIES NEAR MSP. 

INFORMATION ON INTAKES, FISHERIES, AND SENSITIVE ENVIRONMENTS 
ARE NOT PRESENTLY AVAILABLE. 



FIGURE 6-3 FLOODPLAINS AND APPROXIMATE LOCATION OP WELLS IN VICINITY OF MSP 





— - - ^ ^ ^ ^ ^ ^ 
. . . . . . . , „ „ . „ 0 n * ' — H * * , th.. . ( . e t 0 f t

, ~ 

•* ' thet y o u H | , . n . L i f c « ( , n » , M m-. ' " a n s w e r | a e a c h H a a t . n n w _ 

# = 

# -

= * 

= # 

^ = 

*• aurfae. »eto' *oor»y? 

" vamcuiar/y i « , B „ 

" P ' , e i 8 , t » " » " *«"V. rmf . i , , „ I O f l „ „ 

f V o o ' n g T " V - • ' • « • «c runoff or 

w T " , W , , , M , M «*• runoff 

U " " - , , , « «™aJuf.iiy absent? 

* • « 0 « e O ( i t i o n of w a i t s . . . . . _ ee. . -y , 8 , ""Wmio turtle, Miifoitr, 

# C 

i H i f j C T E D R E L E A S E ? 

= # c 

= # = 

Summonta 

#r • 

»• Urgot noon>v> H y,,. 

Onnamg-wotof mtota 

)»¥ Fishery 

D Sonaiuva onytronmoni 

Ho. on , n , . k . < ( i n # f v . „ „ 

Itihor. any e.r.um.t.nt.oi.o*ot.»e. t« • 

r;i:;r^"-
Does any t „ B „ w.r„nt M m p i m B » ,j f t , 

w DnneJno-water intake 

C Fishery 

C Sensitive environment 

Other cnt.no> 

PRIMARY WTAKE(S) IDENTIFIED? 

PRIMARY FISHERY IDENTIFIED? 

SEE ATTACHED TEXT LABELED "SURFACE WATER PATHWAY" 

Summons, in. r.t l l 

an MOibonoi page u hoeoowryj: 
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SURFACE WATER PATHWAY 
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w.i.r'bodyl S t . t . th. IloodeLin in wh,ch th . f t . is lec.t .d lag . . 100-yr. 200-yrl. M th. * . .s ioc«..c 
m o " M S t . «IOOdo...h. - a . * . ™ , t fr.ou.nt flooding .v .nt ld.nt.ty S ^ f a c . w.t . f « . . . for th . 1S 

surfaca wat.» migration p.th. 

Likelihood e« B i l i w URI 

1 Susp.etid R . . . . « : Hypoth.,;,i b .s .d on prafaatona! Ncgm.nt gu.d.d by th. S ^ , r P ^ . 
C , . t ^ . U D . g . 111. A.m.mo.r to u.« on.y Cobmn A for th,« p.thw.y ,f you S « r . . SwSP.Ct.d r . « . . . 
«.:?ac« wat. ' . and do not . v . i u . t . factor 2. 

2. No Su.O.Ct.d * . . « , . : D.t.rmin.ac th. „ o r t . « : Ov.r.an 
a i-rfa-« y . t . ' boey. If datanea to sur f .c . wat.- * g - . . :« ' th.r 2.500 f.«t. d.t . 'm.n. th,« » " « " « " 
"ood 'VouVney £ m . m » . r to . . . on,y Co.umn 6 to . - -0 ' . tn., o.thw.y ,f y t .w.P.et th . : n„ , rcc 

s.ss*.a~e.s h .v . b««n ' t iaai .e 

D i k i n g W i l l i Thmt T i r a m 'T', 

3 i e„n. in e .v . . t . - - t a k e , c - aewnttnim i . ' . c t v . . : . - bod.s with.* th . lS.m,i . » ' «« : o . t . - s . ' 
P - O v n a m ! th / tvo. C< w. , . r bOCy on wn.Ch V*. * f " ; " ^ ^ " ^ ^ ' 
th. rurno.- ct p.oo . .« 'v,e by mtaia laoporvo-. th. pooJ.von .f part o< . b..no.o . y , . . 

A. Frimary T.rga, Popul.tion: Ev.-.t S^OM «-.d »y drinjin^watar *t.... ^ ^ " ^ ^ 
b..- t.aos.c to n.za eo.a a.bstane.s r.ie.s.e from tn. at. Us. pr.faaa.ana. • ^ • ^ ° - , 8 « 'V-'8-,.' 
W.VP.V.W.V CM.*. L„t <paCe u; to ma*, o.t.—t.on. .n th. apaca prov-dac «. «--•. 
..rvfl Py •» intatas yew .uso.et h.v. b..n .«PO..d to hazardous subft.ne.S^.ndmut.. y by 10 to 0. a 
"ma-y T.-sat Po3U!.:.on aco, R.m.mb.r. ,f yOw do not .u.P.Ct . r.t.i.t. th.r. ,. no Pnm. y T. 
Pop-i.: n' 

5 SieondaryTargatFopulation: On PA T . b L 3 (Ptfii 131. . v . i u . t . t«y Popwl.tiona I .rv.C by dr n ^ c - ^ 

fntaV., t ^ yow d'o n o f L s p . c : h . . . p c « d to ha: • « * • » • « • • ^ ^ , ° D S 
i n t . « . for . . e h flow emgory. C r c i . th. . ,a.gn.d popui.t.on v . lu . .nd nt r rt th . far r.gm eo . 
tn. popul«t.on v.iw.s .nd .nt.r th. total a . th. S.cond.ry T.rg.t Popui.t.on aeer.. 

Gauging st.t.on d.t. for mo„ . . f . e . ~ ^ ^ , r £ t S ^ 

th. . . . . . Not. M t th. flow c.«gory •rm.ing ion . of a«i.t flowing rrvor. c . n l b . u s . d for r,v.r, w , 
of ot »«•« 10 cfs. but only fof « u k . s within 3 mi».s of th . probtbi. pent of o w y . 

f N....>t Intrt. seer. r.pr.s.nts tho thr..t p«Md to th. dfinking.w.t.r inuk. that is molt wry :t 

Oth.rwia. assign th. seor. d.t.rmm.d from FA T a b * a (»ae« »«»• w W 1 " " 
th.r . is an mtaka. 

7. R«soureas: Scor. .utomaticaUy assignad. Oa not o».rnda; do f»ot inv.Rig.ta r .»»*fe.s. 

T . r , .« Scoring b r r u r t o m : Sum tha Urg.t K O c a . in Column A ( S u ^ c t a d IWaastl tr d , - • 

Susp.ct.d R.i.aa.1. 
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SURFACE WATER PATHWAY 

Rationale for Suspected Release 

Runoff from the si t e drains to a drainage ditch at the 
southern edge of the s i t e . (See figure showing storm water 
runoff.) Sampling sediments in the drainage ditch, and surface 
water sampling has revealed the presence of contamination. Because 
the contamination in the ditch i s consistent with contamination 
that would be expected from runoff from this s i t e , the ditch 
contamination i s attributed to the s i t e . 

One of the two storage piles at MSP i s constructed on an 
asphalt pad, and as such the i n f i l t r a t i o n rate i s high. 

Rationale for Primary Targets for Surface Water 

Targets have been identified within 15 miles of the s i t e . 

Sampling has been performed for the length of the drainage 
ditch, and the level of contamination decreases to background 
levels within .5 miles of the s i t e . 



ADDENDUM 9 

SURFACE WATER PATHWAY 
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PLANT OUTFALL 

. SEDIMENT SAMPLING POINTS BELOW GUIDELINES 
» SEDIMENT SAMPLING POINTS ABOVE GUIDELINES 

ALL RESULTS IN pCi/g 

U = URANIUM-238 
R = RADIUM-226 
T = THORIUM-232 

SAMPLING RESULTS BEYOND PLANT OUTFALL 

U 17.7 
R 1 J 
T 2 J 

U 38.1 
R 7.5 
T 3.8 

If 22. < 
R 5-8 
T 2-2 

U 33.7 
R 9-0 
T 1* 

U 11.7 
R 3.3 
T t J 

U 7.1. R 2.3. T .78 

U 33. R 7.S. T 2.8 

U 14 J . R 2.2. T .88 

U 7.5. R 1.5. T 1.1 

\> 6.8. R 1.8. T 1.1 

3 2 J . R 7.8. T 2.3 



i SE3DCNT SAMPUNC PODfTS A iOVE G U C E L D t S 

ALL RESULTS m PO/Q 

J - LH238 

Th - T h - 2 3 2 

WIT TO SCALE 

u m 
TH 4 3 
R 4 * 

U 1 0 U 
TM X3 
R 1*7 

J 174 
TH * A 
R 24 

U 7*7 
TH * J 
R 231 

U U 7 
TH 7.* 
R 3 * 2 

U 163 
TH 12 
R s u 
U S6.7 
TH 14 
R 30 

:j s u 
TH aa 
R Z U 

U 12* 
TH 14 
R « U 

u una 
TH U 
R 2 2 3 

U 7»A 
TH 100 
R 3 2 4 

U 3 2 4 
TX 3.9 
R 113 

U 402 
TH 74 
R 17J0 

u lot 
TH 71 
R 17a 

U 113 
TH » 

R 
U 87 

TH 7 3 
R 2 3 2 

J 131 
TH 8 4 
R 3 .9 

U 89 
TH 8.7 
R 2 3 7 

U 74 
TH 4.9 
R 164 

u ita 
TH 17J 
R ! M 

U 122 
TH 12 
R 20 

U UB 
TH 34 
• 19* 

— i a -

FIGURE 1 SAMPLING RESULTS FRDM PLANT OUTFALL 

35:MSXSL18:V1 
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SURFACE WATER PATHWAY WASTE CHARACTERISTICS. THREAT. AND PATHWAY SCORE 

r i m CTtr *"" i e a 1 W C 1 

14. Waste Charecteriatics score is assigned ffo«r pace 4. However, if eny Primary fargot has been ifl.e-
for any surface water threat, assign tha h.gner of the score calculated on page * or a score o< 32. 

SuWaca Waf > Pathway Threat Searai 

Fill in the matri* with the appropriate scores from the previous pages To calculate the score for each th 
mglt.ply the scores for I A T and WC. div.de the product by 82.500. and found the result to the nearest mti 
The Orink.ng Water Threat and Human Food Chain Threat are subieet to a maiimum of tOO. The Emrwonm 
Threat >s aubiect to a maximum of 60. Enter the rounaed throat scores into the right s<de of the tabe. 

Surfaea Waf r Pathway Seora 

Sum ^e .ndividuai threat acorea ta dete-m.ne the 5. -<ec« Wata» Pathway Score. If the sum is greater than 
assign 100. 



Dutance to sufiace water: w » y Cntana List, page 11,7 
r'lCOC freoue^cv: 

L I K E L I H O O D O F R g L E A e . g 

>-tt-ann.,, B » i n . v . 7 „ g f . , . U S K 
I;HMUC....IIM ~ r - ^ r 

LR PRINKING WATER THREAT TABltrrc 

3. Oete'mme me «v.:e' c*c» type, ti 
£v an e>,n«,r,s.w,.e. J L l 0 " ' " , : : c " « " 0 "umeer of people ,«fyee 

e< 5 at tn, D e n o m c , | f t l , rt;,;^;-"-' " m r ^ • tea. Target, , c 0 r , 

.efa 

-CfS 

PRIMARY TARGET POPULATION If *« . 

•cor. e M t a cn tne numr/e of peop , , e r l 0

 n * m e ' , ; C a ' C U l 4 l « l * 

5. SECONDARY TARGET FOPULATIOPW. n - ^ ^ L P"pl , « 10 
Popui.t.on scor, from FA ̂ T ^ J S T " , i e o n a a , v T " « « 

• 1 0 , n o w •Peoaionment calculations. • 

•CPr. trom FA T . B „ ^ t h . N . . r . „ „«,, . , 
fl'itanea i,mrt( , M l 8 n , , c o „ o f I t „ B w , t e r , n t i k e " ' " « tha Hynii, targat 

! ' W g S 0 ^ « S : A .cor, of S i, . t „ o n e 0 

*•/.«*• 

• 

1 *H 

I 5*ro 

- t 9 -

T - /tV3 
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Pathway Characteristics 

Flood Frequency: Greater than 100 years. 

MSP is in an area of minimal flood frequency, (Federal Insurance 
Administration, 1976). 

Drinking Water Threat Targets 

The number and name of intakes on the Raritan River i s not 
presently available; nor is the number or people served, or the 
flow rate of the river. As a result, the population within 15 
miles of MSP has been conservatively assumed to be greater than 
1,000,000. The mean annual flow of the Raritan River i s 1320 cfs 
at Fieldville Dam (Middlesex Outtake) and the mean annual flow of 
Ambrose Brook is 10.5 cfs at Victor Crowell Park in Middlesex 
(Personal Communication, J. Novick, BNI, and USGS, 8/20/91). 
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LIKELIHOOD QC RELEASE 

HUMAN FQQP PHA|*j THREAT TAPftrre 

fi- Determine the *u»im, fc.. ~ ^ -

fl'tt.nee l,m,t. a „ i g n , T

 T " e • , r « *> w r m , f t ^ 
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LIKELIHOOD OF RELEASE 
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•core frDm page 

ENVIRONMENTAL THREAT TABfifTc 
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Environmental Threat Targets 

There are no sensitive environments within 15 miles downstream 
of MSP that f i t descriptions of sensitive environments i n PA Table 
5. 
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SOU EXPOSURE PATHWAY 

SUSHCTtD CONTAMINATION 

itttlitimi contamination ia aaavmae. 

MISIDtNT POPULA TlQN 
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RESIDENT POPULATION IDENTIFIED 

Symm.r,| ( , n . r.t.en... for r. i , e .nt pepyiotion <«-t:n . n .eoit.en.i p.g. if nae.tt.ry): 
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SOIL EXPOSURE PATHWAY 

Rationale for Resident Population 

Vicinity properties in the MSP area underwent remedial action 
prior to 1986 (DOE, 1986) . The Middlesex Municipal Landfill, which 
was contaminated by MSP waste disposal, underwent remedial action 
between 1984 and 1986 (DOE, 1989). The cleanups of a l l vicinity 
properties and the landfill have been completed, and have been 
certified clean (DOE 1986, DOE 1989). The only contaminated soils 
at MSP are in the piles or contained within the site boundary. 

References: DOE 1986, Certification Docket for Vicinity Properties 
(Phase I I ) Associated with the Former Middlesex Sampling Plant, 
Middlesex, New Jersey. 

DOE 1989, Certification Docket for the Remedial Action 
Performed at the Middlesex Municipal Landfill in Middlesex, New 
Jersey in 1984 and 1986. 

2& 
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Date: Op f) cr 0 8 
i+w« ehert provides guidettnas to oseiet you m hypothesising the presence of • suepeetod release, ft « expected that net oil of this m«orm, 
be available Ounng tna »A. Alee, tnaia entana ora not elitnciusive: *st any etnar emana you uoa to hypothesise a auspaetae raiaata T 
•rill roeora your professional judgment m evaluating true factor. 

t 

The 'Swtpeeted Release' oeetjon of the chart guides you through evaluation of tome condition* to help hypothesis* whether o reieose 
one i* akely. For the Air ••thwey. if a roleaee ie •uspeeted. •Rnmory Targets' ora any rsstdents. workers, students, or sensitive onwrenman 
K rrw* or the me. 

Cheek the bases to indicate • 'yet*, -no", or 'unknown' em war to eeeh Question. «f you check the 'Suspected Release* bos at * v . » ' 
that you assign a Likelihood of Release vaiue of 650 for the pathway. 

AIR PATHWAY 

SUSPiCTgO RiltASt PRIMARY TARGtTS 

v 
• 
• 

M 
a u 

n 
k 
n • 
m 
n 

n r» Have odors been reported? If you ausaaet a ralaaaa te air, avaiuata all papulation* i 
aanaitiva anvironmant* withm it mi/a (including mesa e 
MM Primary Tar gats. 

E r- Hes a relees* of hexerdous substances to the air 
been directly observed? 

Are there eny reoons of adverse heelth effsets 
(e.g.. htoesentt. nsutte. dizzinessl potentially 
resulting from migration of hosordous suBstanees 
through the eir? 

— c Is there any eireumstsntiel evidence of an air 
release? 

— Other enteris? 

SUSPECTED RELEASE? 

Summanjs \h% rationeie (or susoseted release (enach an additienal page if necessary): 
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Insert "Rationale for Suspected Air Releases" 

The only suspected air contaminants emitted from the site are 
radon and thoron. Radon emissions are present due to the radium 
and thorium contaminated soil stored in the piles. 

No release of radon i s suspected, as defined in the Guidance 
Manual. The Annual Average Concentration of radon in 1990 was just 
above background. No values as high as two to three times 
background were obtained. 

Reference: Middlesex Sampling Plant Annual Environmental Report 
for Calendar Year 1990, June 1991, BNI, Inc., (DOE/OR/21949-285). 
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PttWw.v Chare«oriftie« 

Anawer the Questions at tha too Of the Dig* R.far te rh . A ; , P.... 
whather you auaoact ha*.rooua subst.nca, ^ ^ 1 ^ ^ ^ ^ ^ U " < " • • •»» » " rao-h , , , , , 
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' "" waste characteristics score carartarrra'Tjn-page 4. ~*' • 
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SITE SCORE CALCULATION 
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GROUND WATER PATHWAY SCORE (5„1: 
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Recommendat ion 

MSP is currently subject to an environmental monitoring 
program. Ground water, surface water and sediments, air 
monitoring (radon), and soil samples are monitored to detect the 
presence of any contaminants migrating off-site. 

Environmental monitoring activities, site maintenance 
activities, and site characterization should continue until 
remedial action at MSP is complete. 
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SUMMARY ASSESSMENT 

ENVIRONMENTAL COMPLIANCE ACTIVITY 

U.S. DEPARTMENT OF ENERGY 

FORMERLY UTILIZED SITES REMEDIAL ACTION PROGRAM 

MIDDLESEX SAMPLING PLANT 

BACKGROUND AND OVERVIEW 

To evaluate the environmental compliance record of the 

Middlesex Sampling Plant (MSP), managed as part of the Formerly 

U t i l i z e d Sites Remedial Action Program (FUSRAP), i t i s necessary t o 

describe the h i s t o r y of the s i t e . 

The Manhattan Engineer D i s t r i c t (MED) established MSP i n 1943. 

The f a c i l i t y was used f o r sampling, storage, and/or shipment of 

uranium, thorium, and beryllium ores. A l l ores received at the 

f a c i l i t y were handled i n a s i m i l a r manner, including thawing ( i f 

necessary), drying, crushing, and screening. Samples were taken 

f o r assay from c o l l e c t i o n hoppers beneath the screens. The ores 

were subsequently packaged, weighed, and shipped t o processing 

f a c i l i t i e s . 

Operation of MSP was terminated i n 1955 by the U.S. Atomic 

Energy Commission (AEC), successor t o MED. Later, AEC used the 

s i t e f o r storage and l i m i t e d sampling of thorium residues. A l l AEC 

a c t i v i t i e s a t MSP ended i n 1967. On-site structures were 

decontaminated, and the s i t e was c e r t i f i e d f o r use with no 

ra d i o l o g i c a l r e s t r i c t i o n s under c r i t e r i a i n e f f e c t at th a t time. 

I n 1968, AEC returned the MSP s i t e t o the General Services 

Administration, which transferred the property t o the Department of 

the Navy. The s i t e served as a reserve t r a i n i n g center f o r the 

U.S. Marine Corps from 1969 to 1979. MSP was returned t o the 

custody of the U.S. Department of Energy (DOE) i n 1980. That same 

year DOE i n i t i a t e d remedial action t o clean up properties i n the 

v i c i n i t y of MSP; the cleanup continued i n t o 1981. Approximately 

27,000 m3 (35,000 yd 3) of contaminated s o i l from these removal 



actions were transported to MSP, where an asphalt pad was 

constructed as a base for an interim storage area. 

Operations at the Middlesex Municipal Landfill (MML), a 

v i c i n i t y property of MSP, began in the mid-1940s. in 1948, s o i l 

contaminated with pitchblende was removed from MSP and placed on 

top of existing f i l l at MML. Subsequent l a n d f i l l operations 

resulted in varying depths of cover material being placed over the 

contaminated material. The l a n d f i l l has not been used for solid 

waste disposal since 1974. 

A second storage pad at MSP was constructed in 1984 to 

accommodate the materials excavated from MML during that year. The 

pad i s enclosed with concrete curbing. A geomembrane i s attached 

to the curbing and covers the stored materials. 

In 1986, removal actions at MML were completed. Approximately 

50,000 m3 (66,000 yd3) of contaminated materials were excavated 

from the l a n d f i l l in 1984 and 1986. The excavation was backfilled 

with clean s o i l , and the area was seeded. 

During i t s history, MSP has been subject to evolving federal 

and state environmental regulations. The following summary 

describes compliance requirements as they currently exist. 

»^ e aS ? f r ^ A c t ( C A A ) a n d N a t i o * a l Emission standards for Hazardous 
Axr Pollutants (NESHAPs) 

MSP does not have any state or federal a i r permits. As a non-

operating f a c i l i t y , only Subparts H and Q of NESHAPs are 

applicable. Compliance with the non-radon radionuclide standard in 

Subpart H w i l l be determined by evaluating the s i t e using a 

computer model (e.g., AIRDOS-PC) approved by the Environmental 

Protection Agency (EPA). A strategy for determining compliance 

with the radon flux standard in Subpart Q was submitted to EPA. 

Comments were received from EPA on the proposed compliance strategy 

on April 19, 1990. The comments require minor modifications to the 

compliance strategy. Radon flux measurements of the pile w i l l 

begin by July 18, 1990, absent further comments from EPA. 

iv 



DOE Orders for Radionuclide Releases 

Site releases must comply with s p e c i f i c DOE orders t h a t place 

q u a n t i t a t i v e l i m i t s , c a lled derived concentration guides (DCGs), 

and dose l i m i t s f o r r a d i o l o g i c a l releases from DOE f a c i l i t i e s . 

Results of environmental monitoring conducted i n 1989 show t h a t MSP 

i s i n compliance with DOE orders. 

Clean Water Act (CWA) 

MSP does not have any state or federal water permits. An 

environmental compliance assessment conducted by Oak Ridge National 

Laboratory (ORNL) i n October 1989 did not f i n d any deficiencies 

under the CWA. However, an inspection conducted on December 7, 

1989, by the New Jersey Department of Environmental Protection 

(NJDEP) resulted i n the issuance of a notice of v i o l a t i o n (NOV) f o r 

a non-permitted point-source discharge of stormwater. The NOV was 

resolved on January 19, 1990, by submission of a permit application 

f o r the discharge. NJDEP has not yet acted on the appl i c a t i o n . 

Resource Conservation and Recovery Act (RCRA) 

RCRA-regulated waste i s not present at MSP. Ad d i t i o n a l l y , an 

environmental compliance assessment conducted by ORNL i n October 

1989 did not f i n d any deficiencies under RCRA. 

comprehensive Environmental Response, Compensation, and Liability 
Act (CERCLA) J 

MSP i s not on the National P r i o r i t i e s L i s t . Remediation of the 
s i t e w i l l be managed by DOE under the a u t h o r i t y of the Atomic 
Energy Act of 1954. 



Toxic substances control Act (TSCA) 

TSCA-regulated waste i s not present at MSP. The environmental 
compliance assessment of the s i t e by ORNL did not fi n d any 
deficiencies under TSCA. 

National Environmental Policy Act (NEPA) 

I n the past, compliance with NEPA has been accomplished through 
the use of action description memoranda and corresponding 
memoranda-to-file. Actions taken to date have been determined to 
have no significant impact on the environment. Compliance with 
NEPA for s i t e remedial actions w i l l be accomplished by 
incorporating those elements required by an environmental 
assessment into the format of the CERCLA remedial 
investigation/feasibility study. 

v i 



ABSTRACT 

The environmental monitoring program, which began i n 1980, 

was continued i n 1989 a t the former Middlesex Sampling Plant (MSP) 

s i t e , located i n the Borough of Middlesex, New Jersey. The MSP 

s i t e i s part of the Formerly u t i l i z e d Sites Remedial Action Program 

(FUSRAP), a Department of Energy (DOE) program t o decontaminate or 

otherwise c o n t r o l s i t e s where residual radioactive materials remain 

e i t h e r from the early years of the nation's atomic energy program 

or from commercial operations causing conditions t h a t Congress has 

authorized DOE t o remedy. The environmental monitoring program i s 

being conducted by Bechtel National, Inc. (BNI), project management 

contractor f o r FUSRAP. 

The monitoring program at MSP measures radon concentrations 

i n a i r ; external gamma r a d i a t i o n l e v e l s ; and uranium and radium 

concentrations i n surface water, groundwater, and sediment. 

Ad d i t i o n a l l y , several nonradiological parameters are measured i n 

groundwater samples. To v e r i f y t h a t the s i t e i s i n compliance with 

the DOE r a d i a t i o n protection standard (100 mrem/yr) and to assess 

i t s p o t e n t i a l e f f e c t on public health, the r a d i a t i o n dose was 

calculated f o r a hypothetical maximally exposed i n d i v i d u a l . Based 

on the conservative scenarios described i n the report, t h i s 

hypothetical i n d i v i d u a l at MSP would receive an annual external 

exposure equivalent to 2.3 percent of the DOE r a d i a t i o n protection 

standard. This i s approximately equivalent t o the exposure a 

person receives during one f l i g h t from New York t o Los Angeles 

because of the greater amounts of cosmic r a d i a t i o n at higher 

a l t i t u d e s . The cumulative dose t o the population w i t h i n an 80-km 

(50-mi) radius of the s i t e t h a t r e s u l t s from radioactive materials 

present at the MSP i s indistinguishable from the dose t h a t the same 

population receives from n a t u r a l l y occurring radioactive sources. 

Results of the 1989 monitoring show t h a t MSP i s i n 

compliance w i t h applicable DOE r a d i a t i o n protection standards. 
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1-0 INTRODUCTION 

This report presents the findings of the environmental 

monitoring program conducted in the area of the Middlesex Sampling 

Plant (MSP) s i t e during calendar year 1989. The f i r s t 

environmental monitoring report for this s i t e reported data for 

1980, 1981, and 1982; data for subsequent years have been reported 

annually. The site i s part of the United States Department of 

Energy (DOE) Formerly Utilized Sites Remedial Action Program 

(FUSRAP) and i s located in the Borough of Middlesex, Middlesex 

County, New Jersey, as shown in Figure l - l . 

1.1 LOCATION AND DESCRIPTION 

The MSP s i t e occupies 3.9 ha (9.6 acres). As shown in 

Figure 1-2, there are four buildings on the s i t e , which is 

surrounded by a 2.1-m- (7-ft-) high chain-link fence. Most of the 

s i t e i s paved with asphalt. MSP i s currently used for interim 

storage of contaminated s o i l s excavated from vi c i n i t y properties, 

including the Middlesex Municipal Landfill (MML). Figure 1-3 i s an 

aerial photograph of the s i t e . At the completion of remedial 

action at MML in 1986, 50,748 m3 (66,372 yd 3) of contaminated soils 

were stored at MSP. The interim storage pad constructed at the MSP 

for the s o i l excavated from MML during the 1984 and 1986 remedial 

action a c t i v i t i e s includes a leachate collection system to preclude 

release of contaminants from the stored material to waters in the 

area. 

The s i t e slopes gently from approximately 18 m (60 ft) above 

mean sea level (msl) on the northern side to 15 m (50 ft) above 

msl on the southern side. Soils at MSP are s i l t y to sandy loams 

with thickness over bedrock ranging from 0.46 to 2.4 m (1.5 to 

8.0 f t ) . A l l on-site surface water i s conveyed via an underground 

drainage system to a settling basin and then to the easement ditch 

south of the s i t e that discharges into a small brook known as Main 

Stream. 
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FIGURE 1-2 MAP OF THE MSP SITE 
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FIGURE 1-3 AERIAL VIEW OF MSP 



The Brunswick formation i s the predominant bedrock unit in the 

MSP v i c i n i t y ; i t i s a major aquifer in the western part of 

Middlesex County and adjoining Essex County. Numerous private 

water supply wells are located within 1.6 km ( l mi) of MSP. A 

public well f i e l d , Sebrings Mill well f i e l d , l i e s 2 km (1.25 mi) 

northwest of MSP. 

The average annual daily maximum temperature for the Middlesex 

area i s 16.9°C (62.5°F), and the average daily minimum i s 7.33°c 

(45.2°F). The highest average monthly temperature i s 29.8°C 

(85.6°F) (July), and the lowest i s -4.28°C (24.3°F) (January). 

Average annual precipitation i s 107 cm (42. in.) with an average 

annual snowfall of 69.85 cm (27.5 in.) (Ref. l ) . As shown in 

Figure 1-4, winds in the area blow predominantly from the southwest 

at a mean speed of 16 km/h (10 mph). 

Approximately 15 million people reside within 8 0 km (50 mi) of 

Middlesex. The 1980 populations of Middlesex and Piscataway were 

13,480 and 42,233, respectively; they are expected to increase over 

the next 10 to 15 years (Ref. 2). 

As shown in Figure 1-5, land use in the vi c i n i t y of MSP i s 

primarily residential and industrial. An expanse of vacant land 

borders the southern end of the s i t e . 

1-2 SITE HISTORY 

The Manhattan Engineer Di s t r i c t (MED) established MSP in 194 3. 

The f a c i l i t y was used for sampling, storage, and/or shipment of 

uranium, thorium, and beryllium ores. A l l ores received at the 

f a c i l i t y were handled in a similar manner, including thawing ( i f 

necessary), drying, crushing, and screening. Samples were taken 

for assay from collection hoppers beneath the screens. The ores 

were subsequently packaged, weighed, and shipped to processing 

f a c i l i t i e s . 

Operation of MSP was terminated in 1955 by the Atomic Energy 

Commission (AEC), successor to the MED. Later, AEC used the site 

for storage and limited sampling of thorium residues. A l l AEC 
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FIGURE 1-4 ANNUAL WIND ROSE FOR MSP 



BASED ON AERIAL PHOTOGRAPHS. SITE VISITS. AND USGS TOPOGRAPHIC MAPS V24000 
SCALE. PLAINFIELD NJ QUADRANGLE. (PHOTO REVISED 1981) AND BOUND BROOK 
(PHOTO REVISED 19701 

R RESIDENTIAL C/l COMMERCIAL/INDUSTRIAL 

C COMMERCIAL T/l TRANSPORTATION/INDUSTRIAL 

C/R MIXED RESIDENTIAL COMMERCIAL V VACANT 
p PUBLIC E EDUCATIONAL 

0 0.8 KM 

FIGURE 1-5 GENERALIZED LAND USE IN THE VICINITY OF MSP 
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a c t i v i t i e s at MSP ended in 1967. On-site structures were 

decontaminated, and the s i t e was certified for unrestricted use 

under c r i t e r i a in effect at that time. 

In 1968, AEC returned the MSP s i t e to the General Services 

Administration, which transferred the property to the Department of 

the Navy. The s i t e served as a reserve training center for the 

U.S. Marine Corps from 1969 to 1979. MSP was returned to DOE 

custody in 1980. That same year DOE initiated remedial action to 

clean up properties in the v i c i n i t y of MSP, and the cleanup 

continued into 1981. Approximately 27,000 m3 (35,000 yd 3) of 

contaminated s o i l from these remedial actions was transported to 

MSP, where an asphalt pad was constructed as a base for an interim 

storage area. 

Operations at MML began i n the mid-l940s. In 1948, d i r t 

contaminated w i t h pitchblende (high-grade uranium ore) was removed 

from MSP and placed on top of the e x i s t i n g f i l l at MML. 

Subsequent l a n d f i l l operations resulted i n varying depths of cover 

material being placed over the contaminated material. The l a n d f i l l 

has not been used f o r s o l i d waste disposal since 1974. 

Two r a d i o l o g i c a l surveys had indicated t h a t the portion of the 

MML s i t e r e q u i r i n g remedial action covered about 0.2 ha (0.5 acre) 

(Refs. 3, 4 ) . Excavation of radioactively contaminated material 

from MML began i n 1984; approximately 12,000 m3 (16,000 yd 3) of 

contaminated s o i l s were transported to MSP f o r i n t e r i m storage. 

This excavation and subsequent investigations indicated that the 

contaminated area covered approximately 1.2 ha (3 acres). 

A second storage pad was constructed at MSP in 1984 to 

accommodate the materials excavated from MML during that year. The 

pad i s enclosed with concrete curbing to prevent migration of the 

stored materials. A geomembrane i s attached to the curbing and was 

used to cover the stored materials whenever remedial action was 

not in progress. Table l - l l i s t s the volumes.and sources of the 

materials placed on the storage pads by year of emplacement and 

indicates the total volume of contaminated material presently 

stored at MSP. 
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TABLE 1-1 

VOLUMES OF CONTAMINATED SOIL 

ON.MSP STORAGE PADS 

Volume 
Date and Source (m J) a (" 

1980 (Phase I ) MSP Cleanup 7, 203 9, 421 

1981 (Phase I I ) MSP Cleanup 19, 681 25, 742 b 

1984 MML Cleanup 
(Second Storage Pad) 11, 942 15, 620 

1986 MML Cleanup 
(Extended Second Storage Pad) 11, 919 15, 589 

T o t a l on Storage Pads 50, 745 66, 372 

Numbers given in earlier reports were incorrect as 
a result of conversion error; they have been 
corrected, as reflected here. 

bBNI (Ref. 5). 
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During 1985, s i t e preparation work was conducted at MSP and 

MML in preparation for resuming remedial actions initiated in 1984. 

Work at MSP included the construction of a further extension to 

the storage area to accommodate material to be excavated from MML 

during 1986. 

In 1986, remedial actions at MML were completed with the 

removal of the last 11,919 m3 (15,620 yd 3) of contaminated s o i l . 

The excavation was backfilled with clean s o i l , and the area was 

seeded. The environmental monitoring program at MML was 

terminated because the s i t e was remediated and returned to the 

Borough of Middlesex in December 1987. 

There are no continuing commercial, i n d u s t r i a l , or remedial 

a c t i v i t i e s at MSP; therefore, there are no airborne radioactive 

e f f l u e n t s from the s i t e , and waterborne radioactive e f f l u e n t s are 

l i m i t e d t o extremely low concentrations i n surface drainage. 

1.3 HYDROGEOLOGICAL CHARACTERISTICS OF THE SITE 

The two groundwater systems monitored have been designated 

"shallow" and "deep" in previous environmental monitoring reports 

(Refs. 6 through 12). In this report, the terms "shallow" and 

"deep" are replaced with "upper" and "lower," respectively. 

Groundwater monitoring wells (Figure 1-6) were installed at the MSP 

si t e in two phases by Roy F. Weston, Inc.—Phase I in 1980 and 

Phase I I in 1981. A summary of well construction information is 

shown in Tables 1-2 and 1-3. Further background information on 

si t e geology and hydrogeology can be found in Ref. 13. see 

Appendix E for examples of well construction details (Ref. 14). 

The hydrogeological characteristics of MSP in 1989 remain 

unchanged from 1988, though the database are sporadic. Water level 

readings were obtained quarterly in 1988 and scheduled weekly in 

1989 but were collected only from March to August and October to 

December. 

Readings for January, February, and September were 

inadvertently omitted from the database. 
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TABLE 1-2 
MSP PHASE I MONITORING WELL CONSTRUCTION SUMMARY3 

Screened or Open 
Total Interval 

Well Completion Depth Below Ground 
Number Date [m ( f t ) ] [m-m ( f t - f t ) ] 

Construction 

1 May 1980 3.05 (10.0) 1.1 - 3 . 05 (3.5-10.0) PVĈ  
IA May 1980 15.3 (50.0) Open 

(3.5-10.0) 
PVCd 

3 May 1980 3.05 (10.0) 0.30 - 3. 05 (1.0-10.0) PVĈ  
3A May 1980 15.3 (50.0) Openc 

(1.0-10.0) 
pvcd 

4 May 1980 3.05 (10.0) 0.50 - 3. 05 (1.5-10.0) PVĈ  
4A May 1980 9.2 (30.0) OpenC 

(1.5-10.0) 
PVCd 

5 May 1980 3.05 (10.0) 1.1 - 3. 05 (3.5-10.0) PVC 

9 May 1980 3.05 (10.0) 0.0 - 3. 05 (0.0-10.0) PVC 
11 May 1980 3.05 (10.0) 0.30 - 3. 05 (1.0-10.0) PVC 
12 May 1980 3.05 (10.0) 0.30 - 3. 05 (1.0-10.0) PVC 
13 May 1980 3.05 (10.0) 0.9 - 3. 05 (3.0-10.0) PVC 
14 May 1980 4.6 (15.0) 1.2 - 4. 6 (4.0-15.0) PVC 
15 May 1980 1.5 ( 5.0) 0.0 - 1. 5 (0.0- 5.0) PVC 

aWells installed by Roy F. Weston, Inc. 

kpvc - polyvinyl chloride. 

Open at tot a l depth; no dcicumentation for top of interval. 

P̂VC conductor in overburden; open hole in bedrock. 
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TABLE 1-3 

MSP PHASE I I MONITORING WELL CONSTRUCTION SUMMARY3, 

Well 
Number 

Completion 
Date 

Total 
Depth 
[m ( f t ) ] 

Screened Interval 
Below Ground 
[m-m ( f t - f t ) ] 

Construction 
Material 

20D July 1981 15.3 (50.0) 12.2 - 15.3 (40.0-50.0) PVC13 

20S July 1981 3.05 (10.0) 0.90 - 3.05 (3.0-10.0) PVC 

21D July 1981 15.3 (50.0) 12.2 - 15.3 (40.0-50.0) PVC 

2 IS July 1981 3.05 (10.0) 0.9 - 3.05 (3.0-10.0) PVC 

22D July 1981 15.3 (50.0) 12.2 - 15.3 (40.0-50.0) PVC 

23D July 1981 15.3 (50.0) 12.2 - 15.3 (40.0-50.0) PVC 

aWells installed by Roy F. Weston, Inc. 

kpvc - polyvinyl chloride. 
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1.3.1 Upper Groundwater System 

The upper groundwater system i s an unconfined saturated zone 

located approximately 0.6 to 3.0 m (2 to 10 f t ) below the ground 

surface. Wells i n s t a l l e d i n t h i s system are screened i n the 

weathered, f i s s i l e Brunswick shale at depths of 1.5 to 4.6 m (5 to 

15 f t ) . Groundwater l e v e l elevations measured i n 1989 f o r each 

shallow w e l l are shown as hydrographs i n Figures 1-7, 1-8, and 1-9. 

P r e c i p i t a t i o n records f o r the s i t e are also, shown beneath each 

hydrograph. 

The hydrographs f o r wells i n the upper groundwater system do 

not i n d i c a t e any seasonal v a r i a t i o n i n water le v e l s . This 

observation can be confirmed when a complete cycle of annual 

measurements i s taken. Correlation w i t h p r e c i p i t a t i o n events i s 

s l i g h t t o none, i n d i c a t i n g either t h a t no surface recharge takes 

place on the s i t e , or t h a t the upper groundwater system reaches 

e q u i l i b r i u m r a p i d l y a f t e r a p r e c i p i t a t i o n event. 

The slope and flow d i r e c t i o n of the upper groundwater system 

were determined from water table surface maps. (The water table, 

or potentiometric surface, i s defined as the l e v e l to which water 

w i l l r i s e i n a t i g h t l y cased w e l l . Delineation of the 

potentiometric surface of an aquifer indicates groundwater slope 

and flow d i r e c t i o n . ) The general d i r e c t i o n of flow i s from north 

t o south, as shown on two potentiometric surface maps (Figure 1-10 

f o r A p r i l and Figure l - l l f o r December). The shape of the contours 

suggests t h a t the potentiometric surface represents a subdued 

r e f l e c t i o n of the s i t e topography (Ref. 13). The gradient of the 

potentiometric surface f o r both sampling dates i s on the order of 

0.01, which represents no change from conditions observed i n 1988 

(Ref. 12). 

1.3.2 Lover Groundwater System 

The potentiometric surface of the confined lower groundwater 

system i s approximately 2.4 to 9.1 m (8 t o 3 0 f t ) below the ground 

surface. Wells i n s t a l l e d i n the lower groundwater system monitor 
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FIGURE 1-7 HYDROGRAPHS OF UPPER GROUNDWATER 
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FIGURE 1-9 HYDROGRAPHS OF UPPER GROUNDWATER 
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FIGURE 1-11 MSP UPPER GROUNDWATER SYSTEM 
POTENTIOMETRIC SURFACE (12/20/89) 
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water in the Brunswick formation in the interval from 4.6 to 

15.3 m (15 to 50 ft) below the ground surface. Wells IA, 3A, and 

4A are open holes, and wells 20D, 21D, 22D, and 23D are screened 

with PVC. Groundwater level measurements taken in 1989 for each 

deep well are shown as hydrographs in Figure 1-12. Wells 22D and 

23D were accidentally omitted from the water level measuring 

program in 1989. The precipitation records for the s i t e are shown 

beneath the hydrographs. 

As w i t h the shallow groundwater system, the lower system does 

not display any apparent seasonal f l u c t u a t i o n i n 1989, and 

c o r r e l a t i o n of groundwater levels w i t h p r e c i p i t a t i o n events i s 

poor. Slope and flow d i r e c t i o n f o r the lower groundwater system 

were calculated from two potentiometric surface maps (Figure 1-13 

f o r A p r i l and Figure 1-14 f o r December). As with the upper 

groundwater system, the groundwater gradient i s on the order of 

0.01, but the flow i s i n the opposite d i r e c t i o n (from south to 

northeast). 

1.3.3 Conclusions 

Conditions observed f o r the upper and lower groundwater 

systems indicate no change from the slope and flow di r e c t i o n s 

reported i n 1988. No indications of seasonal f l u c t u a t i o n s were 

observed f o r either system. 
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FIGURE 1-12 HYDROGRAPHS OF LOWER GROUNDWATER SYSTEM WELLS 
1A. 20D. 21D 3A AND 4A 
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FIGURE 1 -14 MSP LOWER GROUNDWATER SYSTEM 
POTENTIOMETRIC SURFACE (12/20/89) 
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2.0 SUMMARY OF MONITORING RESULTS 

The environmental monitoring program at MSP continued in 1989; 

a i r , water, and sediment samples were taken, and radon and external 

gamma radiation levels were monitored to verify compliance with the 

DOE radiation protection standard of 100 mrem/yr (Ref. 15). The 

potential dose that might be received by a hypothetical maximally 

exposed individual at the MSP was calculated to determine the 

degree of compliance with the radiation protection standard. 

During 1989, the annual average concentrations of radon 

(including background) were measured around the perimeter of MSP. 

Annual average concentrations at MSP ranged from 4 x i o - 1 0 to 

1.8 x 10~ 9 MCi/ml (0.4 to 1.8 pCi/L). Radon concentrations at MSP 

i n 1989 are discussed i n Subsection 3.1. 

Annual average external radiation levels recorded at the MSP 

boundary ranged from background to 125 mrem/yr above background. 

These levels may be compared with the external radiation level from 

naturally occurring background radiation in the v i c i n i t y of MSP, 

which averaged 76 mrem/yr in 1989. External radiation levels are 

discussed in Subsection 3.2. 

In surface water (Subsection 3.3), the highest annual average 

concentration of total uranium at the s i t e was 2.2 x i o - 8 jiCi/ml 

(22 pCi/L); for radium-226 i t was 1.7 x 10"9 MCi/ml (1.7 pCi/L). 

There have been no definite trends in annual average 

concentrations of uranium or radium-226 in surface water at MSP 

(see Subsection 3.7.3). 

In groundwater (Subsection 3.4), the highest annual average 

concentration of total uranium, measured in an on-site well at MSP, 

was 1.31 x 10-7 M C i/ml (131 pCi/L). For radium-226, the maximum 

annual average concentration was 7.0 x 10~ 9 /iCi/ml (7.0 pCi/L) . 

Concentrations of radionuclides in surface water and groundwater 

are within DOE derived concentration guidelines. Chemical analyses 

of groundwater detected a total of seven pollutants. There i s no 

evidence that MSP i s adversely affecting surrounding aquifers. 
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In stream sediments, the highest annual average concentration 

of total uranium at the s i t e was 31.8 pCi/g. The highest annual 

average concentration of radium-226 was 15.2 pCi/g. These 

concentrations may be compared with the levels of radioactivity in 

phosphate f e r t i l i z e r s l i s t e d in Appendix D. 

Calculations were made of the r a d i o l o g i c a l dose received by a 

hypothetical maximally exposed i n d i v i d u a l (Subsection 3.6.1). This 

i n d i v i d u a l i s one who i s assumed t o be adjacent t o the s i t e and 

who, when a l l p o t e n t i a l routes of exposure are considered, receives 

the greatest dose. Exposure t o external gamma r a d i a t i o n was the 

exposure pathway quantified because i t i s the only one that i s 

pla u s i b l e . The calculated exposure t o t h i s hypothetical maximally 

exposed resident i n d i v i d u a l at the MSP from t h i s pathway was 

2.3 mrem/yr above background. This exposure i s approximately 

equivalent t o 2.3 percent of the DOE r a d i a t i o n protection standard. 

The cumulative dose t o the population w i t h i n an 80-km (50-mi) 

radius of the s i t e that r e s u l t s from radioactive materials present 

a t MSP i s indistinguishable from the dose tha t the same population 

receives from n a t u r a l l y occurring radioactive sources. 

Results of the 1989 monitoring show t h a t MSP i s i n compliance 

w i t h the DOE ra d i a t i o n protection standard of 100 mrem/yr. 
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3.0 DATA COLLECTION, ANALYSIS, AND EVALUATION 

This section provides the results of 1989^ environmental 

monitoring at MSP. I t also describes the sampling, monitoring, and 

analytical procedures used. Calculations were made to determine 

the estimated maximum possible radiation dose based on 

environmental conditions, measurements recorded, and evaluation of 

potential exposure pathways. 

Data are presented in summary tables that include number of 

data points collected, and minimum, maximum, and average values. 

Individual sources of error (e.g., analytical error or sampling 

error) were not estimated. The "less than" notation .(<) i s used to 

denote specific sample analysis results that are below the limit of 

sensitivity of the analytical method, based on a s t a t i s t i c a l 

analysis of parameters. When computing annual averages, quarterly 

values reported as less than a given limit of sensitivity 

(detection limit) are considered equal to that limit of 

sensi t i v i t y . In previous environmental monitoring reports, when 

two or more such values were involved in calculating an annual 

average, the reported value carried the "less than" notation. This 

year, because limits of sensitivity varied from quarter to quarter, 

an increasing number of results are at or below the limit of 

sensitivity, and because data error terms are not reported, a more 

conservative method of computing annual averages i s being employed. 

Annual averages carry the "less than" notation only i f a l l of the 

quarterly values involved in the calculation were less than the 

limit of sensitivity. 

Trend tables are provided for radon and external gamma 

radiation levels and for radionuclides measured in surface water 

and groundwater. These tables l i s t annual averages for each 

monitoring location for 1985 through 1989 to allow for comparisons 

of data and identification of trends in monitoring results (see 

Subsection 3.7). 
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3.1 RADON MONITORING 

Radon detectors were maintained at 2 0 locations at MSP 

(Figure 3-1). Sampling locations were selected on the basis of the 

p o t e n t i a l f o r elevated radon releases. Detectors are spaced along 

the s i t e boundary or area of contamination t o ensure adequate 

detection c a p a b i l i t y under most atmospheric conditions. 

The radon data reported f o r MSP are from 17 monitors around the 

storage p i l e s and along the s i t e boundary. Data from monitors 

located inside buildings or situated c e n t r a l l y on the s i t e are not 

reported because they are not considered representative of 

conditions a t the s i t e boundary. 

To measure background radon le v e l s , two additi o n a l detector 

locations were established. One detector was retained at MML. 

This l o c a t i o n i s l i s t e d i n Table 3-1 as MML 4 and i s approximately 

0.8 km (0.5 mi) north of MSP. The second detector used to measure 

background radon levels i s sampling l o c a t i o n 29, located 

approximately 16 km (10 mi) south of the s i t e . 

Radon concentrations are determined using monitors purchased 

from the Terradex Corporation. These devices (Terradex Type F 

Track-Etch) consist of an alpha-sensitive f i l m contained i n a small 

p l a s t i c cup covered by a membrane through which radon can di f f u s e . 

Radon w i l l d i f f u s e through the membrane ( i n or out of the cup) when 

a concentration gradient e x i s t s ; therefore, i t w i l l e q u i l i b r a t e 

w i th radon i n the outside a i r . Alpha p a r t i c l e s from the 

radioactive decay of radon and i t s daughters i n the cup create t i n y 

tracks when they c o l l i d e with the f i l m . When returned to Terradex 

f o r processing, the f i l m s are placed i n a caustic etching solution 

t o enlarge the tracks. Under strong magnification, the tracks can 

be counted. The number of tracks per u n i t area ( i . e . , tracks/mm2) 

i s r e l a t e d through c a l i b r a t i o n t o the concentration of radon i n 

a i r . Fresh Track-Etch monitors are obtained from Terradex each 

quarter. S i t e personnel place these u n i t s i n each sampling 

loca t i o n and return the exposed monitors to Terradex f o r analysis. 
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FIGURE 3-1 RADON AND EXTERNAL GAMMA RADIATION 
MONITORING LOCATIONS AT MSP 
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Table 3-1 reports the measured concentrations of radon 

(including background) in a i r at MSP. Annual average 

concentrations ranged from 4 x i o - 1 0 to 1.8 x i o ~ 9

 MCi/ml (0.4 to 

1.8 pCi/L). The annual average background concentration for both 

background locations was 4 x i o - 1 0 /iCi/ml (0.4 pCi/L) . Radon 

levels at MSP are within DOE derived concentration guidelines. Fo 

comparisons of the radon concentrations measured from 1985 through 

1989, see Subsection 3.7.1. 

3.2 EXTERNAL GAMMA RADIATION 

External gamma radiation levels were measured at 2 0 locations 

at MSP that correspond to the radon (Terradex) detector locations 

shown in Figure 3-1. Detectors are located around the site 

boundary to ensure adequate measurement of radiation levels. 

External gamma radiation levels are measured using lithium 

fluoride thermoluminescent dosimeters (TLDs). This system of 

measurement, used since 1988, u t i l i z e s tissue-equivalent dosimeters 

to provide values that are more r e a l i s t i c in terms of radiation 

dose to tissues of the body at a depth of l cm (0.4 i n . ) . Each 

dosimetry station contains a minimum of four dosimeters, which are 

exchanged after approximately one year of accumulated exposure. 

For example, a dosimeter placed in the station in October 1988 

would be removed in October 1989. Each dosimeter contains five 

individual lithium fluoride chips (each group of five chips i s 

preselected on the basis of having a reproducibility of +3 percent 

across a series of laboratory exposures), the responses of which 

are averaged. Analysis i s performed by Thermo Analytical/Eberline 

(TMA/E). The average value i s then corrected for the shielding 

effect of the shelter housing (approximately 8 percent). The 

corrected value i s then converted to millirem per year by dividing 

by the number of days of exposure and subsequently multiplying by 

3 65 days. 

Because the current measurement system allows for dosimeter 

detection interval of approximately a year versus the 3-month 

interval previously used, the curent system i s more sensitive to 
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TABLE 3-1 

RADON-222 CONCENTRATIONS MEASURED AT MSP 

SITE BOUNDARY, 1989 

Samp1in 
S t a t i o n 

Number of 
Samples 

Concentration nn-9 ̂ ^ ^ b , 
Minimum Maximum Averag 

2 
4 
5 
7 
8 

10 
11 
12 
13 
14 
15 
16 
17 
18 

20 d 

2 2 d 

Background 

MML 4 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

4 
4 

<0.3 
0.8 

<0.3 
0.3 
0.3 
0.3 

<0. 4 
<0. 3 
<0. 3 
0.3 

0.5 
3.2 
0.7 
0.5 
0.5 

<0.5 
0.6 

0.4 
1.8 
0.4 
0.4 
0.4 
0.4 

<0. 4 
<0. 3 
<0. 3 
<0. 3 
<0. 3 
<0. 3 
<0. 3 

<0.3 
<0. 3 

0, 
0, 
0, 
1. 
0. 
0. 
0. 
1. 
0. 

<0. 4 

0.5 
0.6 

0, 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

0.4 
0.4 

a L o c a t i o n s of sampling s t a t i o n s are shown i n Figure 3-1 
St a t i o n s l 3, and 21 are i n s i d e b u i l d i n g s ; s t a t i o n s 6'and 9 are 
c e n t r a l l y l o c a t e d on the s i t e and are no? re p o r t e d because they 
s i t e boundary r e P r e s e n t a t i v e of radon c o n c e n t r a t i o n s a t the 

b l x I O - 9 /iCi/ml i s e q u i v a l e n t t o l pCi/L. 

cThe measurements are t o t a l radon c o n c e n t r a t i o n s ; background 
has not been subtracted because of the v a r i a b i l i t y i n the 
d i s t r i b u t i o n of radon. 

d S t a t i o n s 20 and 22 are q u a l i t y c o n t r o l s f o r s t a t i o n s i s and 
15, r e s p e c t i v e l y . 

e s o S S e o f a M S P ? ° n e S t " W o o d b r i d a e ' N J ' approximately 16 km (10 mi) 

f£?S2? e d a t t h e M i d d l e s e * Municipal L a n d f i l l , Mountain Ave., 
Middlesex, NJ, 0.8 km (0.5 mi) n o r t h of MSP. 
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low r a d i a t i o n levels. Although the tissue-equivalent TLDs used are 

"st a t e - o f - t h e - a r t , " one should keep i n mind when examining the 

external gamma rad i a t i o n r e s u l t s t h a t the dosimeter accuracy i s 

approximately ±10 percent at levels from 100 mrem/yr to 1 rem/yr 

and ±25 percent at r a d i a t i o n levels around 70 mrem/yr. 

The r e s u l t s of external gamma r a d i a t i o n monitoring are 

presented i n Table 3-2. For each quarter, an average of the 

background levels measured was subtracted from the s i t e boundary 

measurements t o provide an estimate of r a d i a t i o n levels r e s u l t i n g 

from r e s i d u a l materials at the s i t e . Because data from background 

l o c a t i o n MML 4 were incomplete, they were not used i n these 

ca l c u l a t i o n s . The highest annual average gamma ra d i a t i o n level of 

125 mrem/yr was measured at s t a t i o n 11 (see Figure 3-1). 

The background external gamma r a d i a t i o n value f o r a given 

l o c a t i o n i s not constant. Because the background value i s a 

combination of both natural t e r r e s t r i a l sources and cosmic 

r a d i a t i o n sources, factors such as the locat i o n of the detector in 

r e l a t i o n t o surface rock outcrops, stone or concrete structures, or 

hig h l y mineralized s o i l can a f f e c t the value measured. Independent 

of the placement of the detector at the s i t e are the factors of 

s i t e a l t i t u d e , annual barometric pressure cycles, and the 

occurrence and frequency of solar f l a r e a c t i v i t y (Ref. 16). 

Because of these factors, the r a d i a t i o n l e v e l i s not constant 

from one locat i o n t o another even over a short time. Thus i t i s 

not abnormal f o r some stations at the boundary of a s i t e to have an 

external gamma rad i a t i o n value less than the background level 

measured some distance from the s i t e . 

For comparisons of external r a d i a t i o n levels measured from 1985 
through 1989, see Subsection 3.7.2. 

3.3 SURFACE WATER SAMPLING 

During 1989, sampling was performed t o determine the 
concentrations of t o t a l uranium and radium-226 i n surface water in 
the MSP v i c i n i t y . 
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TABLE 3-2 

EXTERNAL GAMMA RADIATION LEVELS AT MSP, 1989 

Sampling 
Station^ 

Number of 
Measurements 

Radiation Level fmreTn/yr)D 

Minimum Maximum Average 0 

2 4 
4 4 
5 4 
7 4 
8 4 

10 4 
11 4 
12 4 
13 4 
14 4 
15 4 
16 4 
17 4 
18 4 
19 4 
2 0 e 

4 
2 2 e 

3^ 

Background 

299 
MML 4 h 

4 
l 1 

75 
_d 
41 
_d 
38 
50 

112 
65 
33 
_d 
22 
14 
_d 
_d 
13 
_d 
39 

59 
58 

94 
33 
71 
24 
58 
78 
140 
103 
59 
22 
46 
49 
28 
25 
46 
_d 
133 

101 
58 

86 
20 
55 
14 
48 
66 
125 
90 
51 
16 
35 
36 
20 
15 
30 
_d 
54 

76 
583 

Locations of sampling stations f o r MSP are shown i n 
Figure 3-1. stations 1, 3, and 21 are inside buildings; 
stations 6 and 9 are c e n t r a l l y located on the MSP s i t e and 
are not reported because they are not considered 
representative of dose rates at the s i t e boundary 

"Measured background at s t a t i o n 29 has been subtracted from 
readings at MSP locations. 

cAverage i s calculated from the actual number of measurements 
collected. 
Measurement was less than or equal t o measured average 
background value. 

e S t a t i o n s 20 and 22 are q u a l i t y controls f o r stations 18 
and 15, respectively. 
*TLD recovery error i n the second quarter. 
^Located at Leone St., Woodbridge, NJ, approximately 16 km 
(10 mi) south of MSP. 
Located at the Middlesex Municipal L a n d f i l l , Middlesex, NJ, 
0.8 km (0.5 mi) north of MSP. Established i n A p r i l 1988. 
No data were available f o r f i r s t quarter because the equipment 
had been i n service f o r less than a year; no data were 
available f o r second and fo u r t h quarters because of sampling 
.errors. ^ ^ 
^This background reading was not used i n c a l c u l a t i n g the 
r a d i a t i o n levels. 
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Surface water samples were collected quarterly at f i v e 

locations (Figure 3-2). Sampling locations were established on the 

basis of p o t e n t i a l contaminant migration and discharge routes from 

the s i t e . Sampling points were established both upstream, to 

esta b l i s h background conditions; and downstream, t o determine the 

e f f e c t of runoff from the s i t e s on surface waters i n the v i c i n i t y . 

Nominal 1.0-L (0.26-gal) grab samples were collected to f i l l a 

3.8-L (1-gal) container and analyzed by TMA/E. The concentration 

of t o t a l uranium was determined by a fluorometric method. 

Radium-226 concentrations were determined by radon emanation. 

(This method consists of p r e c i p i t a t i n g radium as su l f a t e and 

t r a n s f e r r i n g the s u l f a t e t o a radon bubbler, where the radon-222 

daughter i s allowed t o come to equilibrium with i t s radium-226 

parent. The radon-222 i s then withdrawn i n t o a s c i n t i l l a t i o n c e l l 

and counted by the gross alpha technique. The quantity of 

radon-222 detected i n t h i s manner i s d i r e c t l y proportional to the 

quantity of radium-226 o r i g i n a l l y present i n the sample.) 

The r e s u l t s of analyses f o r t o t a l uranium and radium-226 i n 

surface water are presented i n Table 3-3. I n the v i c i n i t y of MSP, 

annual average t o t a l uranium concentrations ranged from <3 x 10" 9 

t o 3.4 x I O - 8 MCi/ml (<3 t o 34 pCi/L). Average radium-226 levels 

ranged from 6 x I O " 1 0 t o 1.7 x IO" 9 MCi/ml (0.6 t o 1.7 pCi/L). The 

highest annual average concentrations of both uranium and 

radium-226 occurred at the MSP o u t f a l l ( l o cation l ) . A l l levels 

measured are well w i t h i n DOE derived concentration guidelines. For 

comparisons of radionuclide concentrations measured i n surface 

water from 1985 through 1989, see Subsection 3.7.3. 

3.4 GROUNDWATER SAMPLING 

During 1989, groundwater samples were collected quarterly from 

19 wells a t MSP (Figure 1-6). Wells designated l , 3, 4, 5, 9, ii, 

12, 13, 14, 15, 2OS, and 2IS are i n s t a l l e d i n the upper groundwater 

system [approximately 3 m (10 f t ) deep]. Groundwater flows from 

north t o south i n the upper system; therefore, w e l l l i s upgradient 

of the s i t e . Wells IA, 3A, 4A, 20D, 21D, 22D, and 23D extend into 
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FIGURE 3-2 SURFACE WATER AND SEDIMENT SAMPLING 
LOCATIONS IN THE VICINITY OF MSP 



TABLE 3-3 

CONCENTRATIONS OF URANIUM AND RADIUM-226 IN SURFACE WATER 

IN THE VICINITY OF MSP, 1989 

Sampling. 
Location 1 

1 Plant outfall 

Confluence 

Number of 
Samples 

2 

3 

4 

5 

Downstream (or 
Main Stream) 

Upstreamd 

Settling 
basin 

Radium-?2fi 

1 Plant outfall 

Confluence 2 

3 

4 

5 

Downstream (or 
Main Stream) 

Upstreamd 

Settling 
basin 

4 

4 

4 

4 

4 

4 

4 

4 

4 

Concentrate nn ( I Q - 9 f , C i / n m b > c 

Minimum Maximum 

<3 

<3 

<3 

<3 

<3 

0 . 8 

0 . 3 

0 . 4 

0 . 3 

0 . 5 

54 

<3 

10 

<3 

<3 

2.2 

1.4 

1.0 

2.8 

1.1 

34 

<3 

5 

<3 

<3 

aSampling locations are shown in Figure 3-2. 
b l x I D " 9 /xCi/ml i s equivalent to 1 p C i / L . 

background has not been subtracted from any values, 

background monitoring location. 
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the Brunswick formation bedrock aquifer [approximately 15 m (50 ft) 
deep], which represents the lower groundwater system. Groundwater 
flows.from the south to the northeast in the lower groundwater 
system; therefore, wells 3A and 4A are the upgradient wells for 
this system. 

Sampling locations were established on the basis of available 

hydrogeological data and the locations of radioactive materials. 

Wells are e i t h e r i n d i v i d u a l or paired; p a i r i n g permits sampling of 

both the upper and lower groundwater systems at the same location. 

Nominal 1.0-L (0.26-gal) grab samples were collected t o f i l l a 

3.8-L (1-gal) container a f t e r the wells had been bailed dry or 

three casing volumes had been removed and ample recharge time had 

elapsed. Samples were analyzed by TMA/E f o r dissolved radium-226 

by the methods applied t o surface water analyses. The a n a l y t i c a l 

method used t o determine t o t a l uranium concentration i n groundwater 

was changed from fluorometric analysis t o alpha spectrometry i n 

1986 as required by the New Jersey Department of Environmental 

Protection (NJDEP). As an a n a l y t i c a l method, alpha spectrometry 

i s more precise than the fluorometric method and has the 

ad d i t i o n a l advantage t h a t i t provides information about the 

i n d i v i d u a l isotopes as w e l l as t o t a l uranium. Chemical analyses 

were performed by Weston Ana l y t i c a l Laboratory. 

3.4-1 Radiological 1 

A n a l y t i c a l r e s u l t s f o r uranium are reported i n Table 3-4, and 

radium-226 concentrations are reported i n Table 3-5. The highest 

annual average uranium concentration, 1.31 x 10" 7 /xCi/ml 

(131 pCi/L), was measured i n well 5, which i s located on the 

southeastern boundary of the s i t e . The maximum uranium 

concentration of 2.13 x IO" 7 /xCi/ml (213 pCi/L) was measured i n 

A p r i l 1989. Well 20S and wel l 5 are both shallow wells 

[approximately 3.05 m (10.0 f t ) ] that monitor the upper groundwater 

system and are very close t o each other (Figure 1-6). The average 

uranium value of 2 x 10~ 9 MCi/ml (2 pCi/L) f o r w e l l 20s, compared 

wit h the much higher average value of 1.31 x i o - 7 MCi/ml 
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TABLE 3-4 
CONCENTRATIONS OF URANIUM IN GROUNDWATER AT MSP, 

Sampling 
Location 3 

Number of 
Samples 

Concentration (i o"9 (i<-i/ml}b 

Minimum Maximum Average 

1 4 <3 8 4 
IA 4 5 15 9 
3 4 2 4 3 
3A 4 5 6 5 
4 3 C 5 7 6 
4A 4 14 25 17 
5 3 C 80 213 131 
9 4 2 7 4 

11 4 22 79 42 
12 4 3 12 7 
13 
14 

4 
l d 

<3 
<3 

<3 
<3 

<3 
<3 

15 4 <3 5 4 
2 0D 4 2 3 2 
2 OS 4 1 2 

w 

2 2 ID 4 2 5 3 
21S 4 1 2 i 

22D 4 <3 <3 
X 

<3 23D 4 <3 <3 <3 

Background 

MML 17 e 

3 C <3 5 4 

aSampling locations are shown in Figure 1-6. "A" and "D" designate 
wells installed in the lower groundwater system; "S" designates 
wells installed in the upper system. 

b l x I O - 9 /iCi/ml i s equivalent to 1 pCi/L. 

cWell was dry in the f i r s t quarter. 

dWell was dry in the f i r s t t:hree quarters. 

eLocated at the Middlesex Municipal Landfill, Middlesex, NJ, 0.8 km 
(0.5 mi) north of MSP. This well was reinstated in the 
monitoring program in October 1988 to represent background. 
Background has not been subtracted from other well measurements. 
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TABLE 3-5 

CONCENTRATIONS OF RADIUM-226 IN GROUNDWATER AT MSP, 1989 

Sampling 
L o c a t i o n 3 

Number of 
Samples 

Concentration f i n ' 9 u c i / m n
b 

Minimum Maximum Average 

1 
IA 
3 
3A 
4 
4A 
5 
9 

11 
12 
13 
14 
15 
20D 
20S 
2 ID 
21S 
22D 
23D 

Background 

MML 1 7 e 

4 
4 
4 
4 
3 C 

4 
3 C 

4 
4 
4 
4 • 
l d 

4 
4 
4 
4 
4 
4 
4 

0.7 
0.5 
1.1 
0.8 
1.7 
0.6 
2 
2 
2 
1 
0 
1 
0 

<0.5 
0.3 
0.4 
0.6 
0.4 
0.4 

0.5 

1.0 
0.9 
2.0 
1.2 
2.4 
1. 
2. 

13 . 
7. 
3 . 
0. 
1. 
0. 
1. 
1. 
0. 
1. 
1. 
0. 

0.8 

0. 
0. 
1. 
1. 
2. 
0. 
2. 
7 . 
4 . 
2. 
0. 
1. 
0. 
0. 
0. 
0. 
0. 
0. 
0,. 

0.7 

aSampling l o c a t i o n s are shown i n Figure 1-6. 

b l x 10~ 9 /iCi/ml i s e q u i v a l e n t t o 1 pCi/L. 

c W e l l was d r y i n the f i r s t q u a r t e r . 

d W e l l was dry i n the f i r s t t h r e e q u a r t e r s . 

eLocated a t the Middlesex Municipal L a n d f i l l , Middlesex, NJ, 0.8 km 
(0.5 mi) n o r t h of MSP. This w e l l was r e i n s t a t e d i n the monitoring 
program i n October 1988 t o represent background. Background has 
not been subtracted from other w e l l measurements. 
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(131 pCi/L) for well 5, indicates that Well 5 i s located adjacent 
to or within an area of contaminated material. 

The elevated uranium level in well 5 was enhanced by reduced 

precipitation during the early part of 1989, which decreased the 

volume of in f i l t r a t i o n ; thus water collected from well 5 had 

increased concentrations of dissolved solids from the waste 

material. Purging the well during the sampling cycle increased the 

local hydraulic gradient and introduced additional suspended solids 

from the adjacent waste materials. The slow recovery time after 

purging allowed further accumulation of the solids and therefore 

increased uranium concentrations in samples taken from this well. 

Water in th i s well i s not available for human consumption. The 

highest annual average concentration of radium-22 6 was 

7.0 x 10~ 9 nd/ml (7.0 pCi/L). A l l uranium and radium-226 

concentrations measured in 1989 groundwater samples were within DOE 

derived concentration guidelines. 

3.4.2 Chemical 

As required by a New Jersey Pollutant Discharge Elimination 

System permit, groundwater samples from MSP wells were analyzed 

quarterly for pH, total organic carbon (TOC), total organic halides 

(TOX), and specific conductance. Analyses are performed annually 

for the New Jersey priority pollutants. Table 3-6 l i s t s 

analytical results for indicator parameters and chemical 

contaminants that were detected. Numerous other chemical 

contaminants for which analyses were completed were not detected in 

any groundwater sample (see Table 3-7). 

Specific conductance and pH measure changes in the inorganic 

composition of the groundwater. Acidity or basicity of water is 

expressed as pH. A change in pH affects the solubility and 

mobility of chemical contaminants in groundwater. Specific 

conductance measures the capacity of water to conduct an electrical 

current. Generally, conductivity increases with an elevated 

concentration of dissolved solids. Waters with high s a l i n i t i e s or 

high total dissolved solids exhibit high conductivities. 
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TABLE 3-6 

INDICATOR PARAMETERS AND CHEMICAL CONTAMINANTS DETECTED IN GROUNDWATER AT MSP, 1989* 

Analysis Results by Sampling location (Monitoring Hell Number) 

Parameter ( u n i t ) 3A 4A 11 12 20D 20S 21D 21S 

pH (standard units) 7.3-7.* 7.2-7.4 6.0 6.3 5.9-6.9 5.7-6.* 6.6-7.1 7.1-7.2 6.3-7.* 7.7-8.0 5.7-6.1 7.6-7.9 6.0 6.3 

Total organic carbon (mg/L) B.8-15.5 6.9-11.2 1.9-5.0 2.2-4.2 2.3-3.2 18.5-131.0 0.86-23.9 2.7-8.3 0.75 *.6 2.4-7.5 0.55-2.0 2.8-4.7 

Total organic halides (*g/l) ND-36 20-32 ND-40 ND-31 ND-56 ND-48 ND HD-24 ND-14 ND-32 24-79 ND-45 

o 

Specific conductance 
(pmhos/cm) 

Benzene (jig/L) 

Acetone (M9/L) 

Trichloroethylene ( j i g / l ) 

Toluene (*ig/L) 

Xylene (M9/L) 

Bis(2-ethylhexyl)phthalate 

Ug/l) 

Methylene chloride <M9/l) 

472-*95 534-592 164-235 207-294 158-210 435-712 74.2-166 72.1-209 294-368 179-195 315-386 151-184 

ND 

ND 

ND 

ND 

ND 

70 

ND 

NO 

ND 

ND 

ND 

ND 

50 

5 

NO 

ND 

ND 

ND 

ND 

50 

5 

ND 

42 

ND 

ND 

ND 

11 

5 

NO 

410 

ND 

ND 

ND 

16 

ND 

7 

110 

ND 

25 

12 

29 

5 

ND 

ND 

ND 

ND 

ND 

23 

ND 

ND 

MD 

NO 

ND 

ND 

21 

7 

ND 

ND 

ND 

ND 

ND 

16 

5 

ND 

ND 

ND 

ND 

ND 

98 

5 

ND 

25 

53 

ND 

ND 

ND 

5 

NO 

ND 

ND 

ND 

ND 

19 

Does not include parameters for which concentrations were below the li m i t of s e n s i t i v i t y of the analytical method used. 

b 

Upgradient background well for lower groundwater system. 

NO • no detectable concentration. 



TABLE 3-7 

CHEMICAL CONTAMINANTS NOT DETECTED IN GROUNDWATER AT MSP, 1989 

Acrolein 

Aery Ioni t r i I e 

Broiofor* 

Carbon tetrachloride 
Ch 1 orobenzene 

Ch lorodibroaoaethane 

Ch loroethane 

Chloroforn 

2-chloroethyI vinyl ether 

Dichlorobromo»ethane 

Bis(2-chloroethoxy)methane 

Bis(2-Chloroisopropyl)ether 

4 • bromoph eny I phenyl ether 

Butylbenzyt phthalate 

2-chloronaphthalene 

4 • chI orophenyI phenyl ether 

4 -chIoroan i I i ne 

4-chloro-3-methylphenol 
Chrysene 
Dibenzo(a,h)anthracene 

Phenanthrene 
Pyrene 

2 - ch t orophenoI 
2,4-dichlorophenot 
2,4 -d i methyl phenol 
2,4-dini t rophenoI 
2-nitrophenol 
4 -n i t rophenoI 
Pentachtorophenot 
Phenol 

t r i ch l 

orophenoi 

1,3-dichloropropylene D i benzofuran 2 , 4 , 5 - t r i c h l 
1 , 2 - t r a n s - d i c h l o r o e t h y l e n e Di-n-butyl p h t h a l a t e 2 , 4 , 6 - t r i c h t 
1,1-dichloroethane D i - n - o c t y l p h t h a l a t e A I d r i n 
1 ,2-dichloroethane 1,2-dichlorobenzene BHC, alpha 
1,1-dichloroethylene 1,3-dichlorobenzene BHC, beta 
1 ,2-dichloropropane 1,4-diehlorobenzene BHC, g amma 
1,3-dichloropropene 3 , 3 ' - d i c h l o r o b e n z i d i n e BHC, d e l t a 
Ethylbenzene D i e t h y l p h t h a l a t e Alpha c h I o r d 
Methyl bromide Dimethyl p h t h a l a t e Beta chlorda 
Methyl c h l o r i d e 2,4-dini t r o t o l u e n e O i e l d r i n 
Styrene 2,6-dini t r o t o l u e n e Endosulfan 1 
1,1.2,2-tetraehloroethane 4,6-dinitro-2-methylphenol Endosulfan | 
1,1 , 1 - t r i c h l o r o e t h a n e FIuoranthene Endosulfan s 
Trichlorofluorotnethane FIuo r ene E n d n n 
1 , 1 , 2 - t r i c h l o r o e t h a n e HexachIorobenzene E nd r m k e t on 
T e t r a c h l o r o e t h y l e n e Hexachlorobutadiene Heptach t or 
V i n y l c h l o r i d e HexachIoroethane Heptachlor e 
Anthracene Hexachlorocyclopentadiene 4,4 ' - DO T 
Acenaphthene Indeno(1,2,3-cd)pyrene 4,4' -ODE 
Acenaphthylene Isophorone 4,4' - ODD 
Benzo(a)anthraeene 2-methylnapthalene Methoxychlor 
Benzo(k)fluoranthe*ne 2-methyl phenol Aroclor 1016 
Benzo(a)pyrene 4-methyl phenol Aroclor 1221 
Be n z o ( o , h > i ) p e r y l e n e Naph tha Iene Aroclor 1 232 
Benzyl a l c o h o l N i t robenzene Aroc tor 1242 
Benzoic a c i d 2 - n i t r o a n i l i n e A r o c l o r 1248 
B i s ( 2 - e h l o r o e t h y l ) e t h e r 3 - n i t r o a n i I i n e Aroc t or 1254 

4 - n i t r o a n i l i n e Aroclor 1260 
N-ni trosodi-n-propylamine Toxaphene 
N-ni trosodiphenylamine 
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Groundwater i s analyzed for TOC and TOX to determine organic 

content. TOC measures the total organic carbon content of water 

but.is not specific to a given contaminant. TOX measures organic 

compounds containing halogens; many pollutants contain halogenated 

hydrocarbons, which are organic compounds containing fluorine, 

chlorine, bromine, and iodine. 

Specific conductivity and pH measurements ranged from 72.1 to 

592 Mmhos/cm and 5.7 to 8.0, respectively. TOX results ranged from 

below detection limits to 79 Mg/L, and TOC results ranged from 

0.55 to 131 mg/L. Except for TOC levels in well 9, indicator 

parameter results for downgradient wells are similar to those for 

upgradient wells and probably represent background conditions for 

the area. The elevated TOC level in well 9 reflects the presence 

of organic pollutants. There i s no evidence that these pollutants 

have migrated. 

The appearance of bis(2-ethylhexyl)phthalate i s almost 
certainly a result of laboratory contamination; i t appeared in a l l 
of the laboratory blanks at concentrations up to 100 /ig/L. The 
laboratory i s aware of the problem and i s taking steps to correct 
i t . 

Although the presence of the detected contaminants would not be 

expected in pristine groundwater, their occurrence at trace levels 

i s not unusual in groundwater underlying areas developed for 

industrial purposes. 

Measurement of water levels and water quality continues to 
provide additional information on groundwater gradient and flow 
directions. 

3.5 SEDIMENT SAMPLING 

During 1989, sediment samples consisting of composites weighi 

approximately 500 g ( l . l lb) were collected at the f i v e surface 

water sampling locations shown i n Figure 3-2. The sampling 

locations correspond with surface water sampling locations. 

TMA/E analyzed the samples f o r uranium and radium-22 6. The 

concentration of t o t a l uranium was determined by summing the 
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r e s u l t s of analyses f o r isotopic uranium. Isotopic uranium 

concentration was determined by alpha spectrometry, where the 

uranium i s leached, organically extracted, and electroplated on a 

metal substrate. Radium-226 concentrations were determined by 

radon emanation (described e a r l i e r ) . 

Results of these analyses, based on dry weight, are presented 

i n Table 3-8. Annual average concentrations of uranium and 

radium-226 i n the v i c i n i t y of MSP ranged from 2.8 to 31.8 pCi/g and 

1.0 t o 15.2 pCi/g, respectively. Sampling locations l, 2, and 3 

each yielded one quarterly sample with elevated levels of uranium 

and radium-226. Although levels of these radionuclides were low at 

a l l locations i n the f o u r t h quarter of 1989, they w i l l be closely 

monitored i n 1990. An expanded sampling plan f o r locations l, 2, 

and 3 has been scheduled f o r A p r i l 1990 to better determine 

sediment q u a l i t y i n these areas and to locate the source(s) of the 

contamination. 

3.6 RADIATION DOSE 

To assess the health e f f e c t s of the radioactive materials 

stored at MSP, ra d i o l o g i c a l exposure pathways were evaluated to 

calculate the dose to a hypothetical maximally exposed i n d i v i d u a l . 

This i n d i v i d u a l i s one who i s assumed t o be adjacent to the s i t e 

and who, when a l l p o t e n t i a l routes of exposure are considered, 

receives the greatest dose. An appraisal of p o t e n t i a l pathways 

(exposure t o external gamma ra d i a t i o n , ingestion of water, and 

inh a l a t i o n of radon) suggested th a t external gamma ra d i a t i o n was 

the only pl a u s i b l y s i g n i f i c a n t exposure mode. 

The dose from ingesting groundwater or surface water from 

sources on MSP property was not calculated because i t was 

considered u n r e a l i s t i c t o assume t h a t ingestion of t h i s water would 

occur. MSP i s fenced and locked, and security i s we l l maintained. 

Therefore, a member of the public could only consume water on the 

s i t e by trespassing on the property every day to gain access to the 

water. To consume groundwater from a w e l l at the s i t e , the member 

of the public would also have to be equipped with a means of 

removing the locked we l l cap and ext r a c t i n g the groundwater. 
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TABLE 3-8 

CONCENTRATIONS OF URANIUM AND RADIUM-226 IN 

SEDIMENT IN THE VICINITY OF 

MSP, 1989 

Sampling 
L o c a t i o n 3 

Number of 
Samples 

Uranium 

1 P l a n t o u t f a l l 

2 Confluence 

3 Downstream (or 
Main Stream) 

4 Upstream 

5 S e t t l i n g 
basin 

Radium-??fi 

1 P l a n t o u t f a l l 

Confluence 2 

3 

4 

5 

Downstream (or 
Main Stream) 

Upstream 

S e t t l i n g 
basin 

3b 

2b,c 

4 

4 

,b,c 

4 

4 

3 C 

Concentration m c i f ^ y P 
Minimum Maximum Average 

<1.4 

12.5 

<1. 6 

<1. 0 

2.5 

0.5 

2.3 

0.4 

0.4 

1.7 

37.7 

51. 0 

41.8 

6.4 

<4 . 0 

18. 0 

28. 0 

19. 0 

2.5 

2.0 

13.5 

31.8 

12. 6 

2 . 8 

3 . 4 

6.4 

15.2 

5.4 

1 .0 

1.8 

aSampling l o c a t i o n s are shown i n Figure 3-2. 

^ o sediment present d u r i n g the t h i r d q uarter. 

c F r o z e n i n t h e f i r s t q u a r t e r . 

44 



Radon concentrations measured at the MSP boundaries were within 

the normal v a r i a t i o n associated with background measurements for 

t h i s area. Consequently, t h i s pathway would not increase the dose 

received by the hypothetical maximally exposed i n d i v i d u a l . 

3.6.1 Dose to the Maximally Exposed Individual 

To identify the individuals in the vi c i n i t y of the MSP who 

would receive the highest doses from on-site radioactive materials, 

the dose from exposure to external gamma radiation was calculated 

at a l l the monitoring locations that could be accessible to the 

public. These doses were then reviewed with regard to land use and 

occupancy factors for areas adjacent to the monitoring points. For 

the properties surrounding MSP, the highest dose would be received 

to the east of the s i t e in a residential area near location 5 and 

west of the si t e at a commercial scrap metal f a c i l i t y near 

location 11. The dose calculations were based on certain 

assumptions, described below. 

At the scrap metal f a c i l i t y , i f an occupancy factor near 

location 11 of 2 h/week i s applied, the dose to the maximally 

exposed individual would be 1.5 mrem/yr. The annual average dose 

rate measured at location 5 was 55 mrem/yr. The dose to an 

individual working in the backyard of the residence nearest this 

location for 1 h/day, 365 days/yr, would be 2.3 mrem/yr. These 

exposures are approximately equivalent to the exposure a person 

receives during one flight from New York City to Los Angeles 

because of greater amounts of cosmic radiation at higher altitudes 

(see Appendix D). 

These values reflect the assumption that the maximally exposed 

individual i s exposed to the radiation fields present at the 

locations of the detectors. The individual's exposure rate would 

actually be much lower because gamma radiation levels decrease 

rapidly as distance from the source of contamination increases. 

45 



i 

3.6.2 Dose to the Population in the Vicinity of MSP 

The dose to the population represents the conceptual cumulative 

radiation dose to a l l residents within an 80-km (50-mi) radius of a 

given s i t e . This calculated dose includes contributions from a l l 

potential pathways. For MSP these pathways are direct exposure to 

gamma radiation, inhalation of radon, and ingestion of water 

containing radioactivity. 

The contribution t o the population dose made by external gamma 

r a d i a t i o n from the radioactive materials present on the s i t e i s too 

small t o be measured, since gamma r a d i a t i o n levels decrease rapidly 

as distance from the source of contamination increases. For 

example, i f the gamma exposure rate at a distance of l m (3 f t ) 

from a small-area radioactive source were 100 mrem/yr, the exposure 

rate at a distance of 6.4 m (21 f t ) from the source would be 

indistinguishable from n a t u r a l l y occurring background r a d i a t i o n . 

Similarly, radon i s known to dissipate rapidly as distance from 
the radon source increases (Ref. 17). Therefore, exposure from the 
low radon concentrations at MSP (approximately equal to the 
natural background level) does not contribute significantly to 
population dose. 

On the basis of radionuclide concentrations measured in water 

leaving MSP, i t also appears that there i s no plausible pathway by 

which ingestion of water could result in a significant dose to the 

population. As water migrates farther from the source, 

radionuclide concentrations are further reduced, thereby lowering 

potential doses to even less significant levels. 

Because the contributions to population dose via a l l three 

potential exposure pathways are inconsequential, calculation of 

dose to the population i s not warranted. The cumulative dose to 

the population within an 80-km (50-mi) radius of MSP that would 

result from radioactive materials present at the s i t e would be 

indistinguishable from the dose that the same population receives 

from naturally occurring radioactive sources. 
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3.7 TRENDS 

The environmental monitoring program at MSP was established to 

allow an annual assessment of the environmental conditions at the 

s i t e , provide a h i s t o r i c a l record f o r comparisons from year to 

year, and permit detection of trends over time. i n the following 

subsections, 1989 annual averages f o r each monitoring location for 

radon, external gamma r a d i a t i o n , surface water, and groundwater are 

compared w i t h res u l t s f o r 1985-1988 (Refs. 9 through 12). 

3.7.1 Radon 

Radon concentrations measured at MSP i n 1989 are approximately 

the same as 1988 levels. Table 3-9 shows radon levels at MSP from 

1985-1989. When compared with background v a r i a t i o n s , measured MSP 

radon concentrations show no notable trends and seem to contribute 

l i t t l e , i f any, to n a t u r a l l y occurring radon levels i n the area. 

The behavior of radon and the variables t h a t a f f e c t i t s 

concentration are d i f f i c u l t t o p r e d i c t . Such factors as moisture 

content of the s o i l , disturbance of the s o i l , barometric pressure, 

temperature inversions, and hydrogeologic conditions a l l a f f e c t 

l o c a l radon concentrations over both the short term and the long 

term. 

3.7.2 External Gamma Radiation 

Comparison of the 1989 external gamma r a d i a t i o n data with data 

from other years yields no apparent trends (see Table 3-10). 

Although some locations e x h i b i t higher levels than others, 

r a d i a t i o n levels from year to year at any given location vary 

w i t h i n what are becoming c h a r a c t e r i s t i c ranges f o r those locations. 

3.7.3 Surface Water 

As shown i n Table 3-11, few notable trends have been i d e n t i f i e d 

as t o the concentrations of uranium and radium-226 i n surface water 
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TABLE 3-9 

ANNUAL AVERAGE RADON-222 CONCENTRATIONS MEASURED 

AT MSP SITE BOUNDARY, 1985-19893 

Page 1 of 3 

Sampling Concentration (IQ-9 aci/mi)c,d 
Station 0 1985 1986 1987 1988 I i i ? 

2 
4 
5 
7 
8 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 e 

22 e 

Background 

29 f 

MML 49 

aSources of data for prior years are the annual si t e 
^environmental reports for those years (Refs. 9-12). 
Locations of sampling stations are shown in Figure'3-1 MSP 
locations l , 3, and 21 are inside buildings; locations 6 
and 9 are centrally located on the MSP s i t e and are not 
reported because they are not considered representative of 
radon concentrations at the s i t e boundary. 
1 x 10""9 /iCi/ml i s equivalent to 1 pCi/L. 
The measurements are total radon concentrations. Because of 
the v a r i a b i l i t y in the distribution of radon, background 
has not been subtracted. 

e I n 1985, locations 20 and 22 were established as quality control 
stations for locations 18 and 15, respectively. 
Located at Leone St., Woodbridge, NJ, approximately 16 km 
(10 mi) south of MSP. 

^Located at the Middlesex Municipal Landfill, Middlesex, NJ 
approximately 0.8 km (0.5 mi) north of MSP. 

0 . 3 0 . 6 1 . 0 0 . 3 0 . 4 
0 . 5 1 . 0 0 . 8 0 . 7 1 .8 
0 . 2 0 . 8 0 . 8 0 . 6 0 .4 
0 . 3 1 . 0 0 . 9 0 . 3 0 .4 
0 . 3 1 . 0 0 . 6 0 . 3 0 .4 
0 . 2 1 . 0 0 . 7 0 .4 0 .4 
0 . 2 1 .1 1 .0 0 . 3 0 .4 
0 . 3 0 . 9 0 . 4 0 . 5 0 .4 
0 . 3 0 . 9 1 .4 0 .4 0 .4 
0 .4 1 .2 0 . 9 0 .4 0 .4 
0 . 3 0 . 3 0 . 3 0 .4 0 . 6 
0 . 2 0 . 7 0 . 8 0 . 3 0 . 5 
0 . 2 0 . 7 0 . 7 0 . 4 0 . 5 
0 . 2 0 . 8 1 .0 0 . 6 0 . 4 
0 . 2 1 .1 1 .3 0 . 4 0 . 6 
0 . 3 1 . 1 1 . 5 0 . 5 0 . 5 
0 .4 0 . 9 1 .6 0 . 3 0 .4 

0 . 8 2 . 0 1 .2 0 . 3 0 .4 
0 . 3 0 . 4 0 . 9 0 . 4 0 .4 
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TABLE 3-10 

ANNUAL AVERAGE EXTERNAL GAMMA RADIATION 

LEVELS AT MSP , 1985-1989 a 

Sampling Radiation Level fmrem/vri c 

S t a t i o n 5 1985 1986 1987 1988 1989 

2 129 75 60 112 86 
4 57 41 31 48 20 
5 111 125 99 115 55 
7 49 22 17 25 14 
8 67 46 23 63 48 

10 101 60 44 115 66 
11 167 121 94 155 125 
12 80 72 55 142 90 
13 78 33 40 61 51 
14 48 29 19 32 16 
15 41 37 27 50 35 
16 59 36 17 34 36 
17 49 25 13 31 20 
18 42 28 14 21 15 
1 9 d 41 32 28 30 
2 0 d 1 3 oe oe 0 
22° 60 43 20 48 54 

Background 

2 9 f 99 71 71 90 76 
MML 49 — — — — 58 

aSources of data for 1985-1988 are the annual s i t e 
environmental reports for those years (Refs. 9-12) . 

"Locations of sampling stations are shown in 
Figure 3-1. Stations 6 and 9 are centrally 
located on the MSP si t e and are not reported 
because they are not considered representative of 
external gamma radiation levels at the s i t e 
boundary. 

cMeasured background has been subtracted from 
readings obtained at MSP sampling locations. 

d I n 1985, stations 20 and 22 were established as 
quality controls for stations 18 and 15, 
respectively. 
Measurement was less than or equal to the measured 
background value. 

fLocated at Leone St., Woodbridge, NJ, approximately 
16 km (10 mi) south of MSP. 

9Located at the Middlesex Municipal Landfill, 
Middlesex, NJ, approximately 0.8 km (0.5 mi) 
north of MSP. Established April 1988. 

49 



TABLE 3-11 

ANNUAL AVERAGE CONCENTRATIONS OF URANIUM AND 

RADIUM-22 6 IN SURFACE WATER IN THE 

VICINITY OF MSP, 1985-1989a 

Sampling 
L o c a t i o n 0 

Concentration no " 9 uCi/ml}C Sampling 
L o c a t i o n 0 

1985 1986 1987 1988 1989 

Uranium 

1 Plant o u t f a l l 80 56 54 47 22 

2 Confluence io 23 5 3 <3 

3 Downstream (or 
Main stream) 

4 21 <3 4 5 

4 Upstream 3 <3 <3 3 16 

5 S e t t l i n g 
basin 

7 <3 <3 4 <3 

Radium-22 6 

1 Plant o u t f a l l 3.3 2.2 1.7 2.0 l . 

2 Confluence 0.3 1.0 0.7 0.3 0. 

3 Downstream (or 
Main Stream) 

0.2 1.1 0.6 0.2 0. 

4 Upstream 0.4 0.2 0.6 0.2 1. 

5 S e t t l i n g 
basin 

0.7 0.5 0.7 0.3 0. 

aData sources for 1985-1988 are the annual s i t e 
environmental reports for those years (Refs. 9-12) 

"Sampling locations are shown in Figure 3-

c l x I O - 9 MCi/ml i s equivalent to 1 pCi/L. 
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at MSP. Localized decreases in uranium concentration at the 

confluence and downstream sampling points are similar to previous! 

measured ranges. Uranium levels at the plant outfall appear to be 

dropping steadily from a peak in 1984 of 1.03 x i o ~ 7 MCi/ml 

(103 pCi/L)(Ref. 8) to 2.2 x I O - 8 MCi/ml (22 pCi/L) in 1989. The 

increased 1989 annual average for uranium at location 4 may be due 

to laboratory error during the f i r s t quarter of sampling; the 

reported value for that quarter was 5.42 x 10" 8 /iCi/ml (54.2 

pCi/L). Subsequent quarterly samples were a l l measured as having 

the more typical level of <3 x IO" 9 /iCi/ml (<3.0 pCi/L) . 

3.7.4 Groundwater 

As shown in Tables 3-12 and 3-13, uranium levels measured in 

groundwater in 1989 appear to approximate those of previous years. 

Radium-226 levels appear unchanged. No long-term trends for 

either uranium or radium-226 can be inferred. 

A comparison of upgradient and downgradient conditions at MSP 

indicates that groundwater quality i s not degraded as i t crosses 

the s i t e . Wells 3A and 4A are upgradient and 2ID and 22D are 

downgradient for the lower groundwater system. For the upper 

system, well l i s upgradient and wells 3 and 4 are downgradient. 
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TABLE 3-12 

ANNUAL AVERAGE CONCENTRATIONS OF URANIUM 

IN GROUNDWATER AT MSP, 1985-1989a 

Sampling Concentration f l O ~ 9 aci/ppc 
Location 0 1985 1986 1987 1988 1989 

1 4 
I A 13 
3 <3 
3A 4 
4 <3 
4A 33 
5 56 
9 4 

11 55 
12 i 4 
13 4 
14 4 
15 <3 
20D <3 
20S <3 
2 ID 4 
21S <3 
22D <3 
23D <3 

Background 

MML 17 e <3 

<3 <3 12 4 
8 9 9 9 
2 1 3 3 
8 6 12 5 
_d 1 7 6 

12 13 20 17 
20 82 192 131 
3 2 5 4 

43 20 67 42 
2 1 7 7 

<3 <3 5 <3 
<3 <3 _d <3 
<3 <3 4 4 
2 2 3 2 
1 1 4 2 
2 2 3 3 
1 0.4 2 1 

<3 <3 3 <3 
<3 <3 4 <3 

<3 <3 3 4 

aData sources f o r 1985-1988 years are the annual s i t e 
environmental reports f o r those years (Refs. 9-12). 
Background has not been subtracted. 

bSampling locations are shown i n Figure 1-6. 

c l x I O - 9 MCi/ml i s equivalent t o 1 pCi/L. 

dWell was dry i n a l l four quarters. 

eLocated at the Middlesex Municipal Landfill, 
Middlesex, NJ, approximately 0.8 km (0.5 mi) north 
of MSP. 
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TABLE 3-13 

ANNUAL AVERAGE CONCENTRATIONS OF RADIUM-226 

IN GROUNDWATER AT MSP, 1985-1989a 

Sampling Concentration n o " 9 u c i / m n c 

Location 0 1985 1986 1987 1988 1989 

1 0.5 
I A 0.3 
3 0.4 

3A 0.6 
4 0.2 

4A 0.3 
5 0.5 
9 0.7 

11 0.7 
12 0.3 
13 0.1 
14 0.2 
15 0.1 
20D 0.4 
20S 0.3 
2 ID 0.7 
21S 0.3 
22D 0.3 
23D 0.2 

Background 

MML 17 e 0.5 

0.2 0.3 0.3 0.9 
0.3 0.3 0.3 0.7 
0.7 0.3 1.2 1.6 
0.5 0.5 0.9 1.0 

_d 0.4 2.0 2.1 
0.5 0.6 1.0 0.9 
0.4 0.6 2.4 2.4 
0.8 0.8 2.8 7.0 
0.6 0.5 4 . 1 4 . 7 
0.3 0.3 2.3 2.2 
0.2 0.4 0.7 
0.1 0.1 u 1.0 
0.2 0.3 0.4 0.8 
0.5 0.8 0.8 0.8 
0.5 0'. 3 1.1 0.7 
0.4 0.4 0.9 0.7 
0.5 0.4 0.7 0.9 
0.3 0.4 0.3 0.7 
0.3 0.3 0.3 0.6 

0.1 0.2 0.7 0.7 

Data sources f o r 1985-1988 are the annual s i t e 
environmental reports f o r those years (Refs. 9-12). 
Background has not been subtracted. 

^Sampling locations are shown i n Figure 1-6. 
c —9 
1 x 10 MCi/ml i s equivalent t o l pCi/L. 

'Hfell was dry i n a l l four quarters. 

Located at the Middlesex Municipal L a n d f i l l , 
Middlesex, NJ, 0.8 km (0.5 mi) north of MSP. 
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4.0 RELATED ACTIVITIES AND SPECIAL STUDIES 

4.1 RELATED ACTIVITIES 

Site security, maintenance, and monitoring continued. 

4.2 SPECIAL STUDIES 

There were no special studies at MSP i n 1989. 
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APPENDIX A 

QUALITY ASSURANCE 



QUALITY ASSURANCE 

A comprehensive quality assurance (QA) program involving 

sampling, data management, and analysis was maintained to ensure 

that the data reported were representative of actual 

concentrations in the environment. The QA program meets the 

requirements of DOE Order 5700.6B and ANSI/ASME NQA-l. 

QA sampling requirements were ensured through the following: 

• Samples at a l l locations collected using established 
procedures 

• Sampling program design provided for spikes, trip blanks, 

f i e l d blanks, and quality control (QC) duplicate sampling 

• Chain-of-custody procedures implemented to maintain 
traceability of samples and corresponding analytical 
results 

Data management QA was achieved through: 

• Completion and recording of parameter-specific data review 
checklists for each analysis report 

• Use of calculation sheets for constructing data tables and 
documenting computations 

• Double-checking of and concurrence on calculations 

- By the originator 

- By an independent, equally qualified second party 

System QA audits are conducted by BNI FUSRAP project QA 

personnel to verify adherence with laboratory procedures and to 

evaluate the appropriateness and effectiveness of the procedures. 

Audit team leaders and auditors are trained and certified in 

accordance with project procedures. Technical specialists 

participate as auditors under the direction of the audit team 

leader when warranted by the nature of the a c t i v i t i e s being 

audited. Audit reports are prepared for each audit conducted. 

Audit findings that require corrective action and followup are 
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documented, tracked, and resolved, as verified by the project QA 
supervisor. 

Routine radioanalyses for the FUSRAP Environmental Monitoring 

Program were performed under subcontract by TMA/E, Albuquerque, New 

Mexico. This laboratory maintained an internal quality assurance 

program that involved routine calibration of counting instruments, 

source and background counts, routine yield determinations of 

radiochemical procedures, and replicate analyses to check 

precision. The accuracy of radionuclide determination was 

determined through the use of standards traceable to the National 

Institute of Standards and Technology (NIST), when available. When 

NIST standards were not available, standards from the New Brunswick 

Laboratory were used. The laboratory also participated in the 

Environmental Protection Agency's (EPA) Laboratory Intercomparison 

Studies Program. In this program, samples of different 

environmental media (water, milk, a i r f i l t e r s , s o i l , foodstuffs, 

and tissue ash) containing one or more radionuclides in known 

amounts were prepared and distributed to the participating 

laboratories. After the samples were analyzed, the results were 

forwarded to EPA for comparison with known values and with the 

results from other laboratories. This program enabled the 

laboratory to regularly evaluate the accuracy of i t s analyses and 

take corrective action i f needed. Table A-l summarizes results of 

the EPA comparison studies for water samples. TMA/E has applied 

and been accepted for readmission into the DOE Laboratory Quality 

Assessment Program for Radioactive Materials, coordinated by the 

DOE Environmental Laboratory, New York, New York. 

Interlaboratory comparison of the tissue-equivalent TLD 

results was provided by participation in the International 

Environmental Dosimeter' Project sponsored jointly by DOE, NRC, and 

EPA. 

Chemical analyses were performed under subcontract by Weston 

Analytical Laboratory, Lionsville, Pennsylvania. Weston's standard 

practices manual was reviewed and accepted by BNI. The laboratory 

maintains an internal QA program that involves the following. 

For inorganic analyses, the program includes: 
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TABLE A-1 

SUMMARY COMPARISON OF WATER SAMPLE RESULTS 

(EPA and TMA/E) 

Analysis and Value (pcl/Ll Ratio 
Sample Date EPA TMA/E (TMA/E:EPA)a 

Alpha 

1/89 41.0 + 10.0 49.0 + 1.0 1.20 
4/89 8.0 + 5.0 13.0 + 1.0 1.63 
6/89 30.0 + 8.0 33.0 + 2.7 1.10 
7/89 29.0 + 7.0 30.3 + 2.1 1.04 

11/89 4.0 + 5.0 4.3 + 0.6 1.08 

Beta 

1/89 54.0 + 5.0 53.0 + 1.7 0.98 
4/89 4.0 + 5.0 5.3 + 0.6 1.33 
6/89 50.0 + 5.0 58.3 + 1.5 1.17 
7/89 57.0 + 5.0 51.0 + 3 . 0 0.89 

11/89 6.0 + 5.0 6.7 + 0.6 1. 12 

Ra-226 

1/89 5.0 + 0.8 5.5 + 0.3 1. 10 
3/89 3.50 + 0.50 3 . 67 + 0. 06 1. 05 
5/89 4.90 + 0.7 4.03 + 0.25 0.82 
7/89 3.50 + 0.50 3.87 + 0.15 1.11 

10/89 17.7 + 2.7 17.2 + 0.5 0.97 

Ra-228 

1/89 5.2 + 0.8 6.1 + 0.2 1.17 
3/89 10.3 + 1.5 11.3 + 0.7 1.10 
5/89 1.70 + 0.30 1.77 + 0.30 1.04 
7/89 3.60 + 0.50 5.20 + 1.04 1.44 

10/89 18.3 + 2.7 24 .8 + 0.3 1.3 6 

U (Natural^ 

1/89 5.0 + 6.0 5.3 + 0.6 1.06 
5/89 5.0 + 6.0 5.0 + 0.0 1.00 
7/89 3.00 + 6.00 3.00 + 0.00 1.00 
9/89 41.0 + 6.0 39.7 1.2 0.97 

aThis ratio can be used to determine the accuracy of TMA/E's 
analytical procedures. 
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• I n i t i a l c a l i b r a t i o n and c a l i b r a t i o n v e r i f i c a t i o n 

• Continuing c a l i b r a t i o n verification-Reagent blank 

• Matrix spike analyses 

• Duplicate sample analyses 

• Laboratory control sample analyses 

• Interlaboratory QA/QC 

For organic analyses, the program includes: 

• Gas chromatography/mass spectrometry instrumentation f o r 
both v o l a t i l e and semivolatile compound analysis 

• I n i t i a l multilevel calibration for each Hazardous Substances 
L i s t (HSL) compound 

• Matrix spike analyses 

• Reagent blank analyses 

• Interlaboratory QA/QC 

• Continuing c a l i b r a t i o n f o r each HSL compound 

• Addition of surrogate compounds to each sample and blanks 

f o r determining percent recovery information 

Weston i s currently an EPA-designated Contract Laboratory 

Program (CLP) laboratory for both organic and inorganic analyses. 

This requires passing EPA's blind performance evaluation testing 

each quarter. The technical specifications in BNI's subcontract 

with Weston specify QA/QC at, and in some cases beyond, the CLP 

leve l . 

Currently, Weston participates in drinking water, wastewater, 

and/or hazardous waste certification programs. They are certified 

(or pending) in 35 such state programs including New Jersey. 

Continued certification hinges upon Weston's a b i l i t y to pass 

regular performance evaluation testing. 

Weston's QA program also includes an independent overview by 

their project QA coordinator and a corporate vice president who 

audits their program a c t i v i t i e s quarterly. 
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APPENDIX B 

ENVIRONMENTAL STANDARDS AND CONVERSION FACTORS 



ENVIRONMENTAL STANDARDS 

The DOE long-term r a d i a t i o n p r o t e c t i o n standard of 100 mrem/yr 

above background l e v e l includes exposure from a l l pathways except 

medical treatments (Ref. 15). Evaluation of exposure pathways and 

r e s u l t i n g dose calculations i s based on assumptions such as 

occupancy factors i n determining the dose from external gamma 

ra d i a t i o n ; subtraction of background concentrations of 

radionuclides i n a i r , water, and s o i l before c a l c u l a t i n g dose; 

closer review of water use, using the data t h a t most closely 

represent actual exposure conditions rather than maximum values as 

applicable; and using average consumption rates of food and water 

per i n d i v i d u a l rather than maximums. Use of such assumptions w i l l 

r e s u l t i n calculated doses that more accurately r e f l e c t the 

exposure p o t e n t i a l from s i t e a c t i v i t i e s . 
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TABLE B-1 

CONVERSION FACTORS 

1 year = 8,760 hours 

1 L = 1,000 ml 

1 MCi = 1,000,000 pCi 

1 pCi = 0.000001 /iCi 

1 pCi/L = I O - 9 MCi/ml 

1 pCi/L = 0.000000001 MCi/ml 

1 MCi/ml = 1,000,000,000 pCi/L 

i o " 6 = 0.000001 

i o " 7 

= 0. 0000001 

i o " 8 = 0.00000001 

i o " 9 

0.000000001 

i o " 1 0 — 0.0000000001 

7 X I O " 1 0 

= 0.0000000007 

1 gal = 3.785 L 

1 yd 3 

= 0.765 m3 

1 f t = 0.3048 m 
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APPENDIX C 

ABBREVIATIONS AND ACRONYMS 



ABBREVIATIONS 

cm centimeter 
cm/sec centimeters per second 
f t foot 
f t msl feet above mean sea level 
g gram 
gal gallon 
h hour 
ha hectare 
in. inch 
3cm kilometer 
km/h kilometers per hour 
lb pound 
m meter 
m3 

cubic meter 
mg milligram 
mg/L milligrams per l i t e r 
mi mile 
ml m i l l i l i t e r 
mph miles per hour 
mrem millirem 
mrem/yr millirem per year 
MCi/ml microcuries per m i l l i l i t e r 
vq/L micrograms per l i t e r 
/imhos/cm micromhos per centimeter 
pCi picocurie 
pCi/g picocuries per gram 
pCi/L 

*> 
picocuries per l i t e r 

yd J 

cubic yard 
yr year 
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ACRONYMS 

A E C Atomic Energy Commission 

B N I Bechtel National, Inc. 

C L P Contract Laboratory Program 

D 0 E Department of Energy 

E P A Environmental Protection Agency 

F U S R A P Formerly U t i l i z e d Sites Remedial Actio 

Program 

H S L Hazardous Substances L i s t 

M E D Manhattan Engineer D i s t r i c t 

MML Middlesex Municipal L a n d f i l l 

M s p Middlesex Sampling Plant 

N I S T National I n s t i t u t e of Standards and 
Technology 

N J D E P New Jersey Department of Environmental 

Protection 

QA q u a l i t y assurance 

Qc q u a l i t y control 

T L D thermoluminescent dosimeter 

TMA/E Thermo Analytical/Eberline 

T 0 C t o t a l organic carbon 

T 0 X t o t a l organic halides 
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APPENDIX D 

RADIATION IN THE ENVIRONMENT 



Radiatic 
in tl 

Environmei 

Radiation is a natural part of our environment. When our planet was formed, radiation wc 
present—and radiation surrounds it still. Natural radiation showers down from the distant react 
the cosmos and continuously radiates from the rocks, soil, and water on the Earth itself. 

During the last century, mankind has discovered radiation, how to use it, and how to contr 
As a result, some manmade radiation has been added to the natural amounts present in our 
environment. 

SourcQs of Radiation Many materials—both nature 
manmade—that we come intc 

contact with in our everyday 
are radioactive. These mc 
are composed of atoms t 
release energetic partic: 
waves as they change 
more stable forms. The 
particles and waves c 
referred to as radiatic 
and their emission as 
radioactivity. 

NUCLEAR 
INDUSTRY 
0.05% 

CONSUMER 
PRODUCTS 
3 \ 

OTHER 
(FALLOUT, 
OCCUPATIONAL. 
ETC. ) < ! % 

NATURAL 

I I MANMADE 

As the chart on th 
shows, most environme 
radiation (82%) is from r 

sources. By far the large 
source is radon, an odorie 

colorless gas given off by n 
radium in the Earth's crust. \A 

radon has always been presen-
environment, its significance is be 

understood today. Manmade radiat 
mostly from medical uses and consumer 

products—adds about eighteen percent tc 
total exposure. 

TYPES OF IONIZING RADIATION 
Radiation that has enough energy to disturb the electrical balance in the atoms of substanc 

passes through is called ionizing radiation. There are three basic forms of ionizing radiation. 

Alpha 
Alpha particles are the largest 

and slowest moving type of 
radiation. They are easily stopped 
by a sheet of paper or the skin. 
Alpha particles can move through 
the air only a few inches before 
being stopped by air molecules. 
However, alpha radiation is 
dangerous to sensitive tissue inside 
the body. 

Beta 
Beta particles are much 

smaller and faster moving 
than alpha particles. Beta 
particles pass through paper 
and can travel in the air for 
about 10 feet. However, they 
can be stopped by thin 
shielding such as a sheet of 
aluminum foil. 

Gamma 
Gamma radiation is a 

of electromagnetic wave 
travels at the speed of 
It takes a thick shield of : 
lead.orconcretetostopgar 
rays. X rays and cosmic ray 
similar to gamma radic 
X rays are producea 
manmade devices; cosmic 
reach Earth from outer spa 
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Units of Measure 
Radiation can be measurea in a variety of ways, 

i ypically. units of measure snow either 1) the total 
amount of radioactivity present in a substance, or 
2) the level of radiation being given off. 

The radioactivity of a substance is measured in 
terms of the number of transformations (changes into 
more stable forms) per unit of time. The curie is the 
standard unit for this measurement and is based on 
the amount of radioactivity contained in 1 gram of 
radium. Numerically. 1 curie is equal to 37 billion 
transformations per second. The amounts of 
radioactivity that people normally work with are in 
the milhcurie (one-thousandth of a curie) or 
microcurie (one-millionth of a curie) range. Levels of 
radioactivity in the environment are in the picocurie 
or pCi (one-trillionth of a curie) range. 

Levels of radiation are measured in various 
The level of gamma raaiation in the air is measur 
the roentgen. This is a relatively large unit so 
measurements are often calculated in miliiroen-
Radiation absorbed by humans is measured in 
rod or rem. The rem is the most descriptive bee 
it measures the ability of the specific type of 
radiation to do damage to biological tissue / 
typical measurements will often be in the m 
(mrem). or one-thousandth of a rem. range. 
In the international scientific community, absc 
dose and biological exposure are expressed in 
and seiverts. 1 gray (Gy) equals 100 rad. 1 seive 
equals 100 rem. On the average. Americans 
receive about 360 mrem of radiation a year, 
of this (97%) is from natural radiation and medic 
exposure. Specific examples of common sourc 
radiation are shown in the chart below. 

Cosmic Radiation 
Cosmic radiation is high-energy gamma raa
iation that originates m outer space ana filters 
^rougn our atmosphere. 
S e a L e v e l 26 mrem/year 
c*oMMtam* i f l i n w u M a i u u a a u n n w n w a m 
Atlanta. Georgia (1.050 feet) 

31 mrem/year 
Denver. Coloraao (5.300 feet) 

50 mrem/year 
Minneapolis. Minnesota (815 feet) 

30 mrem/year 
Salt Lake City. Utah (4,400 feet) 

46 mrem/year 

Terrestrial Radiation 
Terrestrial sources are naturally radioactive 
elements in the soil and water such as ura
nium, radium, and thorium. Average levels of 
These elements are I pd/gram of soil. 

United States (average) 26 mrem/year 
Denver. Colorado 63 mrem/year 
Nile Delta. Egypt 350 mrem/year 
Paris. France 350 mrem/year 
Coast of Kerala. India 400 mrem/year 
McAioe. Brazil 2.558 mrem/year 
Pocos De Caldas. Brazil 7.CC0 mrem/year 

Buildings 
Many building materials, especially granite 
contain naturalry radioactive elements. 
U.S. Capitol Building 85 mrem/year 
Base of Statue of Liberty 325 mrem/year 
Grana Central Station 525 mrem/year 
The Vatican 300 mrem/year 
Radon 
Raaon levels in buildings vary, aepending on 
geographic location, from 0.1 to 200 pCi/llter. 
Average maoor Radon Level 1.5 pCl/llter 
Occupational Working Limit 100.O pCI/liter 
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RADIATION IN THE 
ENVIRONMENT 

Because the radioactivity of 
Individual samples varies, the 
numbers given here are 
approximate or represent an 
average. They are shown to 
provide a perspective for 
concentrations and levels of 
radloocttvrry rather than dose. 

mrem • millirem 
pCi = picocurie 

Consumer Goods 
Cigarettes-two packs/day 
(polonlum-210) g.oco mrem 
Color Television <i m r e m 

Gas Lantem Mantle 
(thorium-232) 2 mrem 
Highway Construction 4 mrem 
Airplane Travel at 39.000 feet 
(cosmic) 0.5 mrem 
Natural Gas Heating and Cooking 
(radon-222) 2 mrem 
Phosphate Fertilfcers 4 mrem, 

Food 
Food contributes an average of 20 
mrem/year. mostly from potassium-40 
carbon-14, hydrogen-3. rodum-226. 
and thorium-232. 
B e e r 390 pCl/llter 
Tap Water 20 pCl/llter 
M i l k 1.400 pCI/liter 
Salad Oil 4.900 pCl/llter 
Whiskey : 1.200 pCl/llter 
Brazil Nuts 14 pci/g 
Bananas 3 p a / g 
R o u r 0.14 p a / g 
Peanuts & Peanut Butter ..0.12 pCI/g 
T e a 0.40 p a / g 

Medical Treatment 
The exposures from medical diagnosis 
vary widely according to the required 
procedure, the equipment and film 
used for x rays, and the skiU of the 
operator. 
Chest X Ray 10 mrem 
Dental X Ray .Each 100 mrem 

Natural Radioactivity In Florida Phosphc 
Fertiberi (in pa/gram) 

N o i i n d Conon t io i t j 
Gyp Sup*iprao«iata Supatphotonai* Gyp 

Ra-226 21.3 21.0 33 

U-238 20.1 58.0 6 

Th-230 18.9 48.0 13 

Th-232 0.6 1.3 0 

Porcelain Dentures 
(uranium) 
Radloiumfnescent aock 
(promethlum-147) 
Smoke Detector 
(americlum-241) 

International Nuclear 
Fallout from pre-1980 
tests 
(average for a U.S. citizen) 

1.500 mrem/ye 

<1 mrem/ye 

..0.01 mrem/ye 

Weapons Te 
atmospheric 

1 mrem/yei 

Afome Industrial Forum. .9M. 

{ - * • «»m C o n , ™ fcooucn o « H ^ Z L Z c L * ^ * £ £ j ^ ^ ' " ? n 0 0 0 M f t * " ™ " 
•Toooton n M M c n ana mauttry A.P. Jacoboion ana G P Sakok»ky 1980 — ^ r *a r tm «s. National Co i« : * on Boonton Prot.cnon ona M w u n w n . 191 
--oooocrvrry „ C o m ™ P r o O u c t v U.S. Nuctar Ifeauauxy Comm«on. 1978. D - 2 



PERSPECTIVE: - How Big is a Picocurie? 

The curie is a standard measure for the intensity of radioactivity contained in a 
sample of radioactive material, it was named after French scientists Marie and Pierre 
curie for their landmark research into the nature of radioactivity. 

The basis for the curie is the radioactivity of one gram of radium. Radium decays c 
?•!, .L? ? b O U t 2 2 t r i l l i o n d i s i n t e Q r a t i ons (2.2X10'2) per minute. A picocurie is one 
Tnmonth of a cune. Thus, a picocurie represents 2.2 disintegrations per minute. 

To put the relative size of one trillionth into perspective, consider that if the Earth 
were reduced to one trillionth of its diameter, the 'pico earth" would be smaller in 
diameter than a speck of dust. In fact, it would be six times smaller than the thickness 
or a human hair. 

The difference between the curie and the picocurie is so vast that other metric 
are used between them. These are as follows: unn 

Miliicune -

Microcurie > 

Nanocurie • 

Picocurie> 

1 
1,000 (one thousandth) of a curie 

1 
1,000,000 (one millionth) of a curie 

1 
1,000,000,000 (one billionth) of a curie 

1 
1.000,000,000,000 (one trillionth) of a curie 

The following chart shows the relative differences between the units and gives 
analogies in dollars. It also gives examples of where these various amounts of 
radioactivity could typically be found. The number of disintegrations per minute has 
been rounded off for the chart. 

UNIT OF 
RADIOACTIVITY SYMBOL 

DISINTEGRATIONS 
PER MINUTE 

DOLLAR 
ANALOGY 

EXAMPLES OF 
RADIOACTIVE MATERIALS 

1 Curie Ci 2xl0' 2 or 2 Trillion 2 Times the Annual 
Federal Budget Nuclear Medicine 

Generator 
1 Millicurie mCi 2x10* or 2 Billion Cost of a New Interstate 

Highway from Atlanta to 
San Francisco 

Amount Used for a Brain 
or Liver Scan 

1 Microcurie uCi 2x10* or 2 Million All-Star Baseball Player's 
Salary 

Amount Used in Thyroid 
Tests 

1 Nanocurie nCi 2x10s or 2 Thousand Annual Home Energy 
Costs 

Consumer Products 

1 Picocurie pCi 2 Cost of a Hamburger and 
Coke 

Background Environmental 
Levels 
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PERSPECTIVE: Radioactivity 
in Gas lantern Mantles 

Around the House 
Many household products contain a small amount of 

radioactivity. Examples include gas lantem 
mantles, smoke detectors, dentures, 

fj*\f camera lenses, and anti-static brushes. 
The radioactivity is added to the 

products either specifically to 
make them work, or as a result of 
using compounds of elements 

like thorium and uranium in 
producing them. The 

amount of radiation the 
products gives off is not 
considered significant. But 

with today's sensitive 
equipment, it can be 
detected. 

Lanterns: In a New Light 
About 20 million gas 

lantern mantles are used by 
campers each year in the 

United States. 
Under today's standards, the 

amount of natural radioactivity 
found in a lantern mantle 
would require precautions in 

handling it at many Government 
or industry sites. The radioactivity 
present would contaminate 15 
pounds of dirt to above 
allowable levels. This is because 
the average mantle contains 
1/3 of a gram of thorium oxide, 
which has a specific activity ( a 

measure of radioactivity) of 
approximately 100,000 picocuries 

per gram. The approximately 35,000 picocuries of 
radioactivity in the mantle would, if thrown onto the 
ground, be considered low-ievel radioactive 
contamination. 
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APPENDIX E 

WELL CONSTRUCTION LOG 



4" PVC Cap. 

K 
I 

IO 

S l o t t e d Cas ing 

> <3.'.«*=> 
Bot tom Set 
In to Bedrock 

Shallow Well 

Bottom Set f-p 
Into Bedrock-® Y 7 

o 
IO 
I 

IO 

Deep Well 

MONITORING WELL INSTALLATION DETAIL 
PHASE I 



4" PVC CAP 

CM 

CD ( 

CM 

2 - 0 ' D I A . C O N C R E T E 
V E H I C L E B A R R I E R 

G R O U N D 

5" D I A . M I N . B O R E HOLE 

4" PVC S L O T T E D W I T H 
3 R O W S OF 2" S L O T S , 
1 / 1 6 " W I D E S P A C E D AT 
6" I N T E R V A L S 

•4" P V C C A P 

SHALLOW MONITORING WELL 
INSTALLATION DETAIL 

( P H A S E ni 

— — — — — — ^ — 



4" PVC CAP 

2-0"DIA. CONCRETE 
VEHICLE BARRIER 

GROUND 

4 PVC P IPE C A S I N G 

4 - P V C C A P 

C L E A N B A C K F I L L ( S A N D ) 

6" D I A . M I N . B O R E H O L E 

B E N T O N I T E PLUG 

C L E A N W A S H E D S A N D 
(D 90: .008"; D 4 0 : . 0 2 0 1 

4 * P V C 8 S L O T WIRE-
W O U N D W E L L S C R E E N 
10" L O N G 

DEEP MONITORING WELL 
INSTALLATION DETAIL 

IPHASE HI 
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DISTRIBUTION LIST FOR MIDDLESEX SAMPLING PLANT 

ENVIRONMENTAL REPORT FOR CALENDAR YEAR 1989 

Media: 

Editor 
THE BERNARDSVILLE NEWS 
17 Morristown Road 
Bernardsville, New Jersey 07924 

Edit o r 
THE BOUND BROOK CHRONICLE 
15 Maiden Lane 

Bound Brook, New Jersey 08805 

Editor 
THE COURIER NEWS 
1201 U.S. Highway No. 22 
West Bridgewater, New Jersey 08807 
Editor 
THE HOME NEWS 
123 How Lane 

New Brunswick, New Jersey 08903 

Edit o r 
THE MIDDLESEX CHRONICLE 
409 Union Avenue 
Middlesex, New Jersey 08846 
Editor 
THE NEWS TRIBUNE 
One Hoover Way 
Woodbridge, New Jersey 07095 

Mr. Al Narvez, News Department 
THE NEW YORK TIMES 
17 Academy Street 
Newark, New Jersey 07102 

Federal: 

Mr. Constantine Sidamon-Eristoff, Administrator (5 copies) 
U.S. Environmental Protection Agency 
Region I I 
26 Federal Plaza, Room 900 
New York, New York 10278 
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Mr. Paul A. Giardina 
Chief, Radiation Branch 
U.S. Environmental Protection Agency 
Region I I 
26 Federal Plaza 
New York, New York 10278 

Mr. Robert W. Hargrove 
U.S. Environmental Protection Agency 
Region I I 
26 Federal Plaza 
New York, New York 10278 

Ms. Robert Wing 
U.S. Environmental Protection Agency 
Region I I 
26 Federal Plaza, Room 737 
New York, New York 10278 

Mr. William Gunter, Director (2 copies) 
C r i t e r i a and Standards Division 
Office of Radiation Programs 
U.S. Environmental Protection Agency 
401 M Street, SW 
Washington, D.C. 20460 

Mr. Bob Williams 
ATSDR/OHA/HSB-Mail Stop F-38 
1600 Cliston Road 
Atlanta, Georgia 30333 

State: 

Ms. Judith Yaskin, Commissioner 
State of New Jersey 
Department of Environmental Protection 
CN 4 02, Room 802 
Labor and Industry Building 
John Fitch Plaza 
Trenton, New Jersey 08625 

Mr. John Czapor, Acting Assistant Commissioner 
State of New Jersey 
Department of Environmental Protection 
Room 802, Labor and Industry Building 
John Fitch Plaza CN-402 
Trenton, New Jersey 08625 

Mr. George McCann 
State of New Jersey 
Department of Environmental Protection 
Room 802, Labor and Industry Building 
John Fitch Plaza CN-4 02 
Trenton, New Jersey 08625 
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Mr. Arnold Schiffman (5 copies) 
Division of Water Resources 
State of New Jersey 
Department of Environmental Protection 
1474 Prospect Street 
Trenton, New Jersey 08625 

Mr. Gary H. Haag, Geologist 
Division of Water Resources, CN 029 
State of New Jersey 
Department of Environmental Protection 
1474 Prospect Street 
Trenton, New Jersey 08625 

Mr. Duncan White, Director (6 copies) 
State of New Jersey 
Department of Environmental Protection 
Division of Environmetal Quality 
729 Alexander Road 
Princeton, New Jersey 08540 

Ms. Mary Kay H i l l 
Radiation Decontamination Assessment 
Bureau of Radiation Protection 
State of New Jersey 
Department of Environmental Protection 
380 Scotch Road 
Trenton, New Jersey 08628 

Mr. Bob Stern 
Radiation Decontamination Assessment 
Bureau of Radiation Protection 
State of New Jersey 
Department of Environmental Protection 
380 Scotch Road 
Trenton, New Jersey 08628 

Mr. Jorge Berkowitz 
State of New Jersey 
Department of Environmental Protection 
8 East Hanover Street 

, Trenton, New Jersey 08625 

Mr. E. Kaup 
Bureau of Case Management and Enforcement 
State of New Jersey 
Department of Environmental Protection 
401 East State street 
Trenton, New Jersey 08625 
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Mr. Frank Cosolito 
Special Assistant to the Director 
Division of Environmental Quality 
State of New Jersey 
Department of Environmental Protection 
Room 1110, Labor and Industry Building 
John Fitch Plaza, CN-027 
Trenton, New Jersey 08625 

Local: 

Honorable Ronald S. Dobies 
Mayor, Borough of Middlesex 
Borough Hall 
Middlesex, New Jersey 08846 

Dr. Ronald Cohen (12 copies) 
Health Officer 
1200 Mountain Avenue 
Middlesex, New Jersey 08846 

Dr. William Piatt, President 
Middlesex Board of Health 
212 Lucia Street 
Middlesex, New Jersey 08846 

County Administrator 
Middlesex County Administration Building 
John F. Kennedy Square 
New Brunswick, New Jersey 08903 

Congressional: 

Honorable B i l l Bradley 
U.S. Senate 
731 Hart Senate Office Building 
Washington, D.C. 20510 

Honorable Frank R. Lautenberg 
U.S. Senate 
717 Hart Senate Office Building 
Washington, D.C. 20510 

Honorable Matthew J. Rinaldo 
U.S. House of Representatives 
2469 Rayburn House Office Building 
Washington, D.C. 20515 

Mr. Robert DeLazaro 
Congressman Rinaldo's Office 
1961 Morris Avenue 
Union, New Jersey 07083 
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Honorable John A. Lynch 
New Jersey State Senator 
96 Bayard Street 
New Brunswick, New Jersey 08901 

Honorable David Schwartz 
New Jersey State Assemblyman 
P.O. Box 150 
New Brunswick, New Jersey 08903 

Honorable Robert Smith 
New Jersey State Assemblyman 
61 Stelton Road 
Piscataway, New Jersey 08854 

Library; 

Mrs. Carol C h e l l i s , Director 
Middlesex Borough Library 
Mountain Avenue 
Middlesex, New Jersey 08846 

Mrs. Lynn Hunter, Director 
John F. Kennedy Library 
500 Hoes Lane 
Piscataway, New Jersey 08854 

Miscellaneous: 

Mr. Park Owen (2 copies) 
Remedial Action Program Information Center 
Oak Ridge National Laboratory 
Martin Marietta Energy Systems, Inc. 
P.O. BOX 2008 

Oak Ridge, Tennessee 37831-6255 

D i s t r i b u t i o n (27 copies) 
Office of S c i e n t i f i c and Technical Information 
U.S. Department of Energy 
P.O. Box 62 
Oak Ridge, Tennessee 37831 
Mr. Nick Beskid (3 copies) 
Energy and Environmental Systems Division 
Argonne National Laboratory 
9700 South Cass Avenue, Building 362 
Argonne, I l l i n o i s 60439 

Bechtel National, Inc. (5 copies) 
239 Mountain Avenue 
P.O. Box 160 
Middlesex, New Jersey 0884 6 
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Pastor 
Middlesex Presbyterian Church 
1190 Mountain Avenue 
Middlesex, New Jersey 08846 

Mr. J . D. Berger 
Oak Ridge Associated Universities 
P.O. Box 117 

Oak Ridge, Tennessee 37831-0117 

DOE-Headouarters; 
Ms. M. J . Jameson, Press Secretary 
Office of Press Secretary 
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